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Cyclic surfaces in pseudo-euclidean space
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Abstract

Article observed concept of a cyclic surface defined in a Galilean space is generalized for a five-
dimensional pseudo-Euclidean space of index two, and proved the existence of a full cyclic surface in
pseudo-Euclidean spaces. The dimension of the smallest pseudo-Euclidean space is defined, where there
exists a full cyclic surface.
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1. Introduction

Theory of cyclic surfaces was introduced by Artikbaev A. in Galilean space M. When
classifying surface points in Galilean space, points with indicatrix curve hyperbola are called
cyclic points. Cyclic points are called surfaces with cyclic surfaces. Cyclic surfaces in the
Galilean space were studied by Kurbanov E. . The differential characteristics of cyclic
surfaces in Galilean space are given in I,

Aim of this article is to determine which pseudo-Euclidean space contains a cyclic surface.

2. Methods

We are given A an affine space and two X (XX X0 %) Y (Y1, Yz, Yares Vo) viectors in this
space.

Definition 1. Scalar product of these vectors X.YeA s as follows:

(X,Y) ==Y = XY, == XYy + X Vg et XY,

affine space is identified; space is N - dimensional; !- indexed Pseudo-Euclidean space is

|
denoted by: R, (!- the number of negative thresholds) I,
The norm of vectors is the square root obtained from the scalar product of these vectors, i.e.

|L>€|= JCX, )

Ovai‘ougly, scalar bProduct vector itself can be negative, positive, and zero.

a) (f’j()> 0 L|‘X I real number, X - spatial vector;

b) (X, X)<0 | X|- apstract number. X - abstract vector;
c) X, X)=0 |X[|' 0, X are called isotropic vectors.

Distance between two points AB equal to the vector norm. If so AX1, X, X5 X4, Xs)

B(Y1: Y21 Y3 Yar ¥s)

w 2 2 2 2 2
o = ABI= |- (1 1) (17 %) o (9 )4 (g ) 4t (3 1)

~og~
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Let R be a five-dimensional two-indexed pseudo-Euclidean
T 2
space. Then we look e&} a part space Uxy. 2y, 7)1 "Ry .

ThlS part in Space x(xl’ XZ’ X3’ XZ’ xa)and Y(yj_’ yz! y31 yZl ys)
scalar product vector’s

u u
(X,Y)1: le1+ X2y2+ X3Y3- X ¥om XY= XY,

Also, the distance between two points is calculated as follows
AXps Xg0 X3 X5, X4) o0 BOYL Y2, Ya, Y20 Ya)

W
A81:|AB|: \l(yl- X1)2+ (yz' X2)2+ (Y3' Xz)z' (Y2' Xz)z' (Y3' X3)2 :|y1' X1|

uuu
if ABL=IABI=0 s 5o %=X byt these points do not
intersect, the distance between them

uu > >
ABZ=|A8|= \/(yz' Xz) +(y3' Xs)

are equal.
U y.zy.)b "R, in the part of space Xg = Xan Xg= X
the equality
wor
e, =1
U u
e,+te, _ G
2
u - u
%+%_£
2 (1)

Pt
If we make this change 171K} the vector forms the base
vectors in three-dimensional space. The consequential space
is a Galilean space.

Page Size and Layout
Look at the surface in this space:

- 1 _ 1
Say U y,zx 91 "Rs i o part of space "= F(U:V) Jet the
surface be given in the form of a vector form. Vector formulas
for any two-dimensional surface can be written as follows.

I I u u u u

r=r(u,v)=ue+ X,(uv)e,+ X (u,v)e, + x,(u,v)e, + x,(u,v)

u

%)
If we transformation (1), then the equation

r

= F(U0) = U+ YY)+ 20,0k

®3)

takces shape. Hore """ 2000 %00))7 10k 2607 56004160 10

are equal. This gives a surface equation defined as a vector in
Galilean space.

2
Thus, Ry =1y
Say Ry let the space be a regular surface defined by equation

).

this phase has a dense surface.

~)g~
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2
Theorem 1. s with this equation in space

X (u,v)=u

X, (U, V)= F(u)v+ Fy(u)
X5 (U,v) = F,(u)v+ F,(u)
X, (u,v) = F(u)v+ F;(u)
Xs (U, V) = Fy(u)v+ F,(u)

(4)

Any given surface is a cyclic surface.

Proof. The surface in question is included in this space
belcau'se lthe three-dimensional part belongs to the space
{, ).k} the main use. The second principal form for the

surface to be a point of speed N coefficient 0 Gat should be
the best and sufficient M i.e

yWZV - ZW yV

M — yuvzv- Zuvyv 1 0
, 2 2 , 2 2
yV + ZV yV + ZV

find the surface equation.

We will see the general form of the function for finding the

N = =0,

surface equation y(u,v), Z(U’V). From the foregoing,
satisfying this condition

y
_ 2 (34),= 0
YwZy= ZuYv = 0 and Ywiy - Zuvyvl 0 if Z,

z? (L 10
and Zy

Y

z

We have. This relationship shows “v the relationship is and

Lok
only U that is, depending on the parameter Zv

Y, Z

. From

here v we define

Y, = LUIM), 2,= HWIW) |y fir 2 9eC?

From this y(u’v) and Z(U'V) when we find the functions,
we obtain the following equation:

y= F(uv+ F(u), 2= F(u)v+ F,(u)

Based on the results, we have the following equation:

® ® r

r=r(uv)=ui+ (Fuv+ F3(u))1[+ (Fp(u)v+ I:4(u))|<r

This cycle is a general view of the surface. From this surface
is a cyclic surface

8 ®

= 1{0)= U+ LV 08, # (RO FU0)E+ (FLOVH )8+ (RO F0),

will come from. Thus, the theorem is completely proved.
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Result 1. If surface represented by equation (4) is a surface of
the surface, the following equation for the surface

X, (U,v)- X, 2(u,v)+ x;°(u,v)- x*(u,v)=0
capacity.

Note. A double surface is a linear surface, and when we cut it
with a special plane, a straight line forms on the surface. That
is, the creators have a linear surface parallel to the special
plane, and have the following equation:

2
rF=1

{ff =o(u) ©)

2
Cyclic surface in this theorem R

2
space. We Rs find that there are cyclic surfaces that do not
fit into the four-dimensional space of space. For this, we refer
to two-dimensional cyclic surfaces that do not belong to the
four-dimensional space of space.

5 is in part three-dimensional

2
To us Tsto get the two-dimensional equation of the full
surface in space:

I I u u u u u

r=r(u,v)=ue+ X, (uv)e,+ X,(u,v)e; + x,(u,v)e, + X, (u,v)e; )

Theorem 2. Pseudo-Euclidean space R there is a two-

dimensional of full cyclic surface.
Proof: Surface defined by equation (7) must satisfy equation
(6) to be from surface of cyclic points (6) to equality:

X% (U, V) + X%, (u,v) =X (U,v) —x%, (U,v) =0
X7 (U, V) + X, (U, V) =X, (U,v) =X, (U,V) = p(u) @)
come from " =@, (), 2, (), 95, (). 2, (W) jrreqrate V next

r= (U, V@l(U), V§02(u), V¢)3(U), V(D4(U))

So be it. Substituting this into equation (8), we can obtain
following equation:

Vg’ (U)+V9°, () =V'g"y (U)+V°9’, (U)

From this

o, )+, ) =0, (0 +9%, () ©

satisfaction our equality (9) ?(W: 22(U):2:(U). 24(U) s gut
to be cyclic surface. The equation:

ix (u,v)=
IXZ(U,V)= J (u)v
1 XU, v) =] ,(u)yv
X, (U, v) =] ;(u)v
lxs(U,V)=J' 2 (WV

~30~
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Example 1

», (U,v) = p(u), cosu
», (U,Vv) =pu), -Jcos 2u - shu
403: (u,v) = @(u),sinu
»,, (U, V) = pUu), - Jcos2u -chu

If we choose this equality 5, W) +9% (1) =5, W) +¢°, (1)
satisfies the condition:

FL- 5 04 0 )=
=] (u),sin"u- (), cos”u+ cos e (), - cos2uwshu *(), = ) cosu+ cos2u)=] *(1),0=0

Based on this, the surface is the equation of our surface

X (u,v)=u
X, (u,v)= S(j (t), cost)dtv

0

X;(u,v)= ¢ @ @), x/C0s 2t >sht)dt »v
0

u

X, (U,v)= G (1), sint)dtov

X (U,v)= ¢ G @), x/cos 2t >cht)dt v
0

So will look.

We investigate the presence of full cyclic surfaces in Pseudo-
2

Euclidean ™ space in a part of space. For example, look at

1 21 2 1
the following sections: Ry, Ry Ri Ry, R5.

Theorem 3. There is a two — dimensional full surface in space
1R4

lR i i i
Proof: "4 Two-dimensional surfaces in space must be

equidistant (6) to be full surfaces. (6) condition
X%, (U, V) + %%, (u,v) = x% (u,V)

r? =o(u) (10)
r,=(0,¢, (U), ¢, (U),p; (U))

r = (u,ve, (U),ve, (u), Ve, (U))
in equation (10), we can have

as follows let's integrate,

will be. If we establish it

Vig?, (U)+Vig?, (U) =V¢?, (U)
From this

Py ()+9%, () =0 () ”
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2 2
Equality is forming. @, W), @75, (W) We select functions as
follows:

@, (U) =g, (u)cosu
@,, (U) =g, (u)sinu

¢,(u) = [ @, (t)cost

() = [ @, ©)sint

1
Here R4, the equation of a cyclic surface satisfying the
condition in space (6) has the following form

X (u,v) =u

X,(u,v)=v- j (g5, (t) cost)dt

X;(U) = v-j'((pgu (t)sint)dt

X, (U)=V-g,(u)

Here (p3(u) eC’ .

1
Example 2. R

equation:

4 a surface in space with the following

X, (u,v)=u

1, 1,. 1
X, (U,v)=v-(—€e Ccosu+—e sinu——
(UV) =V 5 5)

1, 1,. 1
X, (U)=V-(—€e CoOSsuU——e SInu+—
W=V : )

X,(u)=v-e"

this is an example of a cyclic surface.
2 1
R, space R, space can be replaced by coordinate axes, that

is, condition (10) is as follows:
X% (U,v) = X%, (U, V) +x% (u,v)

r? = o(u)

2
This means that in space there is R
surface.

4 the of a full cyclic

1 1 1
R R, there is a cyclic surface RS.

R,

Result 2. As it is

1
When we lookout at space 3, surface for point in this

tangent plane should be Galilean plane R S0 in space there

. . .. R
is a cyclic point ™.

~31~
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Theorem 4. a) There is no cyclic surface in space1RS .

Proof: Since the entire surface of the surface is a tangent
plane, it follows that F the surface is plane. A plane is a
trivial state of a surface. It does not match the full cyclic
surface conditions we are looking for. Therefore, we assume
that there is no cyclic surface in this space.

2
b) There is no cyclic surface in isotropic space Ry

2 1
R is space of parts Ri of
Minkowski, and in this space the Galileo plane n0,0.1) isa
plane parallel to the vector. The Galilean plane is the plane of

Proof: The isotropic space

the points, and the asymptotic n(0,0,9) is parallel to the
vector, there are cyclic points, such as lines of cyclic points,
but a set of points represents a cylindrical surface. The

cylindrical surface is not a cyclic surface. This means that in
2

R . .
space 3 there is no cyclic surface.

3. Conclusion

I
Research results show that - " should be N24and 1>1
enough to have a full cyclic surface in space.
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