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Abstract In this paper, we investigate the Darboux vector of ruled surfaces in Galilean space. There
are three types of ruled surfaces in Galilean space. We obtained the relationship between the Darboux
and Frenet vectors of each type of ruled surfaces in Galilean space. In addition, an example is constructed
and plotted.
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1. INTRODUCTION

The Darboux vector is discovered by French mathematician Gaston Darboux (1842-
1917). There are lots of paper which deal with the Darboux vector since, the Darboux
vector can be interpreted kinematically as the direction of the instantaneous axis of ro-
tation in the moving trihedron in Euclidean space [1-3]. However, the Darboux vector
can be interpreted kinematically as a shear along the absolute line in the pseudo-Galilean
space [1]. There are a lot of interesting applications of Darboux vector such as in [5]
the authors investigated the robot end-effector motion using the Darboux vector of ruled
surface.

The Galilean geometry is well described in [6]. The geometry of ruled surfaces has been
largely developed by O. Réschel [7]. He classified ruled surfaces into three types. Some
more results about ruled surfaces in G3 have been given in [3, 9]. A. Ogrenmis, M. Ergiit
and M. Bektag also described helices in Galilean space [10]. Theory of curves in pseudo-
Galilean space described in [11] and the geometry of ruled surface in pseudo-Galilean
space G} has been explained in details in [12].

The Galilean space Gg3 is a Cayley—Klein space equipped with the projective metric of
signature (0,0, 4, +), as in [9]. The absolute figure of the Galilean geometry consists of
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an ordered triple {w, f, I'}, where w is the real (absolute) plane, f the real line (absolute
line) in w and I the fixed elliptic involution of points of f.

A plane is called Euclidean if it contains f, otherwise it is called isotropic or planes
r = constant are Euclidean and so is the plane w. Other planes are isotropic. A vector
u = (u1, us,us) is said to non-isotropic if u; # 0. All unit non-isotropic vectors are of the
form u = (1,usg, u3). For isotropic vectors u; = 0 holds [9].

The distance between the points p; = (x4, y:, 2i), ¢ = 1,2 is defined by

|z — 1], if x1 # 2
d(plaPZ) =

\/(yg —y1)2 4 (22 — 21)?, if &1 = xo.

Example 1.1. Let A = (5,6,5) and C = (5,4, 3) be two points in Galilean space, shown
in Figure 1. The distance between these two points is
dac) =4 —6)2+(3-52=2V2.

The Galilean distance is identical with the Euclidean distance.

FIGURE 1.

The Galilean distance between A = (5,6,5) and C' = (0,4, 3) is
diacn = |5—0] =5.
Also the distance between A and C’ in Euclid space is

diacy=+v(0-52+ 462+ (3-5)2 =133

In G? there are four classes of lines:

a) (Proper) non-isotropic lines: they don’t meet the absolute line f.

b) (Proper) isotropic lines: lines that don’t belong to the plane w but meet the
absolute line f.

¢) Unproper non-isotropic lines: all lines of w but f.

d) The absolute line f.

Definition 1.2. In Figure 2, let € be plane and f(¢) the intersection of the absolute line
f and e. The point f(¢) is called the absolute point of e. Now, let f(e)* = I(f(¢)) be
the point on f orthogonal to f(¢) according to the elliptic involution I.
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/ 1))

FIGURE 2.

This is elliptic involution because there is no line perpendicular to itself.

Definition 1.3. Let a = (z,y,2) and b = (x1,y1,21) be vectors in the Galilean space.
The scalar product is defined by

<a,b>=xzz. (1.1)

If < a,p >=0then a L p (in the sense of the Galilean geometry) implies, a? # 0 that
p=(0,y,2) is an isotropic vector.

The scalar product of two isotropic vectors p = (0,y,2) and ¢ = (0,y1,21) is defined

by

<Dp,q >1= YY1 + 221. (1.2)

In Figure 3, let 1@ =(0,2,2) and 1@ = (5,2,2) be two vectors in Galilean space. AB
is perpendicular to the AC in the sense of Galilean geometry.

FIGURE 3.

Definition 1.4. Let u = (u1,us2,us), v = (v1,v2,v3) be vectors in the Galilean space.
The vector product is defined by
0 €9 €3

uAv=1| u uz ug |=(0,uzv1 —urvs, u1v2 — U1) (1.3)
V1 Vg Vs
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in Galilean space G® [9].
Definition 1.5. An admissible curve is given by the parametrization
r(u) = (u,y(u), z(u)). (1.4)

In Figure 4, the associated invariant moving trihedron is given by

t = (Ly'(u), 2 (u)),
o= (0 ()2 (W), (15)
b = %(Oa—Z”(U)»y”(U))

where k = \/y"(u)? + 2" (u)? is the curvature.

osculating

plane

FIGURE 4.

Frenet formulas may be written as

d t 0 « O t
| 0 0 7 n |. (1.6)
“1b 0 -7 0 b

1
where 7 = s det[r’ (u), " (u), """ (u)] is the torsion.
According to the absolute figure of G?, there are three types of ruled surfaces in G3:

Type A: Non-conoidal or conoidal ruled surfaces whose striction line does not lie in a
Euclidean plane.

Type B: Ruled surfaces with the striction line in a Euclidean plane.

Type C: Conoidal ruled surfaces with the absolute line as the directional line in infinity

[5]-

2. DARBOUX VECTOR OF RULED SURFACE OF TYPE A

Definition 2.1. Let ®4 be a ruled surface of type A in G3 given by the parametrization

D 4(z,u) = m(z) + ue(z) (2.1)
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where m(z) = (x,y(z), z(x)) is the directrix and e(z) = (1, a2(x), az(x)) is the direction

unit vector.

The associated trihedron is defined by

t = (1, as, Cl3),
1
— - 0 / /
n KZ( y Ao, aS)a
b = l(0 —ak, ah)
K ) 3 42
where k = \/(a})? + (a})?.
Frenet formulas are given as follows
d t 0 O t
df n = 0 0 T n
“1b 0 -7 0 b

det(a, o', )
2
The Frenet vector is

where 7 = is called the torsion.

fa=71t+ kb

dt d db
which satisfies — = f4 A t, o _ faAnand — = f4 A b.
dx dz dz
The surface frame [0, S,,, Sp] is defined by
D, NP,

O=t, S,=——", S, =0AS,.

’ B, A D, 7

Let ¢ be the Euclidean angle between the isotropic vectors S,, and n, we have

(0) 1 0 0 t
S, | = 0 cosp sing n
| S 0 —sing cosyp b

From (2.6), we obtain

t [ 1 0 0 (@)
n|=|[0 cosp —sing S,
b 0 singp cosg Sy

Differentiating (2.6), then substituting (2.3) and (2.7) into the result gives

d 0 ] 0 kKcosp —ksing (0]
df STL = 0 0 dgﬁ +7 Sn
- 0 —dp—r1 0 S,

(2.2)

(2.3)

(2.5)

(2.8)

Moreover, the geodesic curvature kg, the normal curvature k,, and the relative torsion

7, are defined by
k, = Kcosyp,
kg = —ksingp,
T = dp+T.

(2.9)
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Substituting (2.9) into (2.8), one gets

d O 0 kn kg (0}
e S, | =10 0 74 S, |- (2.10)
v Sb 0 —Tg 0 Sb
The Darboux vector of the ruled surface of type A is
Ua =1,0 — k.S, +k4Sy (2.11)

dO dsS,, ds
which satisfies — = Uy A O, — = Uy A S,, and L Ua NSy
dx dx dx

It is easy to see that

t'=UaNO = faAt, (2.12)
which implies that
Ug = fa+ At (2.13)
From (2.4), (2.11) and (2.13), one gets
T4O — knSy, + kgSp = 7t + kb 4 At. (2.14)
Since O is coincident with the t, we have
Tg=T+A\ (2.15)

Using (2.9), (2.13) and (2.15), one obtains the relationship between the Darboux and
Frenet vectors of the ruled surface of type A in the following form

Ua = fa+ dot. (2.16)

3. DARBOUX VECTOR OF RULED SURFACE OF TYPE B
Definition 3.1. A ruled surface of type B can be parametrized by
Op(z,u) =r(x) + uve(x) (3.1)

where its striction curve r(x) = (0, y(z), 2(z)) lies in a Euclidean plane in Galilean space.
e(z) = (1,a2(x),as(x)) is the direction unit vector.

The associated trihedron of the ruled surfaces of type B is defined by

t = (1,a2(2), as(z)),
n = (0,-2'(z),y'(z)), (3.2)
b = (0,y(x),7(z))
Then the Frenet formulas are
d t 0 O t
I 0 0 7 n (3.3)
b 0 —7 0 b
The Frenet vector is obtained by
fB=—1t —kb. (3.4)
The surface frame [0, S,,, Sp] is defined by
O=t, S,= LA Sy, =0AS,. (3.5)

|D, A Dy|
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Let ¢ be the Euclidean angle between the isotropic vectors S;, and n, we have

(0] 1 0 0 t
S, | =1 0 cosp sing n |. (3.6)
| S 0 singp —cosyp b

From (3.6), we have

t [ 1 0 0 (0]
n|=|0 cosp sing S, | . (3.7
| b | 0 sing —cosy Sy |
Differentiating (3.6), then substituting (3.3) and (3.7) into the result, we obtain

d O ] 0 kKcosyp Ksingp (0]
. S, | =10 0 —dp — T S, |. (3.8)
- 0 do+7 0 Sy

Moreover, the geodesic curvature kg, the normal curvature k,, and the relative torsion
74 are defined by

kn, = Kcosp,
kg = ksing, (3.9)
T = dp+T.

Substituting (3.9) into (3.8), finally one gets

FRNC 0 kn Ky (o)
| Sn =0 0 -7 S, |. (3.10)
z Sb 0 Tg 0 Sb

The Darboux vector of the ruled surface of type B is obtained by
Up = —71,0 — knSy, + kgSs. (3.11)

One obtains the relationship between the Darboux and Frenet vectors of the ruled
surface of type B in the following form

UB = fB — d(pt. (312)

4. DARBOUX VECTOR OF RULED SURFACE OF TYPE C
Definition 4.1. A ruled surface of type C can be parametrized by
So(z,u) = r(z) + ua(zx) (4.1)

where r(z) = (z,y(x),0) is called the directrix and a(z) = (0, az(x), ag(x)) is the direction
unit vector.

The associated orthonormal trihedron is given by
t = (1,y'(2),0),
n o= (0,as(),as(a)), (4.2)
b = (0,—as(x),az(x)).
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Let 6 be the Euclidean angle between z = 0 plane and n, then the Frenet formulas are
obtained by

0 kcos —ksind

d 0 0 L
| n | = < n 4.3
“ 1 ’ b )
0 —= 0
0
where kK = ¢ and § = —% are called as curvature and torsion, respectively.
2
The Frenet vector of the associated trihedron of ruled surface of type C is
1
fe= gt + ksinfn + k cos 6b. (4.4)
The surface frame [0, S,,,Sp] is defined as
P, NP
O=t, S, =—> S, =0AS,. 4.5
’ B, A D, [" " (4.5)
Let ¢ be the Euclidean angle between the isotropic vectors S,, and n, we have
[ O 1 0 0 t ]
S, | =] 0 cosy sing n |. (4.6)
| S 0 —sing cosyp b |
From (4.6), we have
[t 1 0 0 o ]
n|=|0 cosp —sing Sn |- (4.7)
| b 0 singp cosgp Sy |
Differentiating (4.6), then substituting (4.3) and (4.7) into the result, finally we get
o 0 kcos¢p —ksin 1(;5 o
di S, | =10 0 dp + 5 Sn (4.8)
i
S 1 S
’ 0 —dp—= 0 ’
0
where
p+v=0¢. (4.9)

Moreover, the geodesic curvature kg, the normal curvature £,, and the relative torsion
T4 are defined by

k, = Kcoso,
k, = —ksing,
g : (4.10)
Tg = dg@ + 5
Substituting (4.10) into (4.8), we have
a ! O 0 k, Ky o
—Su|=|0 0 7 S, |. (4.11)

Sb 0 77'9 0 Sb
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The Darboux vector is obtained by
Uec = TgO — k.S, + k:ng. (4.12)

Consequently, we get the relationship between the Frenet and Darboux vectors of ruled
surface of type C in the following form

1
Uc = fo + 5t. (4.13)
Example 4.2. In Figure 5, let the ruled surface of type A be parametrized by
Dg(z,u) = (%x, Acos %, —Asin %) +u (1, Bsin %, B cos %) (4.14)

where A # 0, B # 0,p # 0.

FIGURE 5.

The associated trihedron is defined by

t = (1,Bsin%,Bcos%),
n = (O,COS%,—Sin %) , (4.15)
b = (O,Sin%,cos %) .
Then the Frenet formulas are obtained as follows
0 1 0
1
% n |00 -5 n (4.16)
b 0 1 0 b
B
where
k=1 ! (4.17)
= T=—=. .
’ B

The Frenet vector is

fa= (—%,0,0) . (4.18)
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Using (2.9) and (4.17) gives

kg = cosy,

kn = —sing, (4.19)
1

T = dp— —.

Substituting (4.19) into (2.11), we have

1
Uy = <d(p - B) O + sin ¢S, + cos pSy.

Using (2.7) gives

Ua = <dgof%)t+b,

which implies that
Ua = fa+ dept.
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