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Abstract

In this paper, we consider twelve special ruled surfaces associated to the
evolute curve «, involute curve o and Bertrand curve o** with k; # 0.
They are called as Frenet ruled surface, Involute Frenet ruled surfaces,
and Bertrandian Frenet ruled surface cause of their generators are the
Frenet vector fields of evolute curve a.. First we give all the parametriza-
tions of all Frenet ruled surfaces. Further we give only three matrices
of striction curves along the Frenet ruled surface, Involute Frenet ruled
surfaces, and Bertrandian Frenet ruled surface.
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1 Introduction and Preliminaries

A ruled surface can always be described (at least locally) as the set of points
swept by a moving straight line. A ruled surface is one which can be generated
by the motion of a straight line in Euclidean 3 — space [3], [4]. Choosing a
directrix on the surface, i.e. a smooth unit speed curve « (s) orthogonal to
the straight lines, and then choosing v(s) to be unit vectors along the curve in
the direction of the lines, the velocity vector o, and v satisfy <o/, v> = 0. The
fundamental forms of the B — scroll with null directrix and Cartan frame in the
Minkowskian 3-space is examined in [12]. The properties of the B — scroll are
also examined in FEuclidean 3 — space and n— space and in Lorentzian 3— space
and n — space with time-like directrix curve and null rulings ([6],[9], [10], [11],
[13], [18] ). The striction point on a ruled surface ¢(s,v) = a(s) + ve(s) is the
foot of the common normal between two consecutive generators (or ruling).
To illustrate the current situation, we bring here the famous example of L. K.
Graves [6], so called the B — scroll. The special ruled surfaces B — scroll over
null curves with null rulings in 3-dimensional Lorentzian space form has been
introduced by L. K. Graves. The Gauss map of B-scrolls has been examined
in [2]. Deriving curves based on the other curves is a subject in geometry.
Involute-evolute curves, Bertrand curves are this kind of curves. The involute
of a given curve is a well-known concept in Euclidean 3 — space. We can
say that; evolute and involute is a method of deriving a new curve based on
a given curve. The involute of the curve is called sometimes the evolvent.
Involvents play a part in the construction of gears. The evolute is the locus
of the centers of tangent circles of the given planar curve [16]. Let o and
a* be the curves in Euclidean 3 — space. The tangent lines to a curve «
generate a surface called the tangent surface of a. If the curve a* which lies
on the tores intersect the tangent lines orthogonally is called an involute of
a. If a curve a* is an involute of «, then by definition « is an evolute of
a*. Hence given «, its evolutes are the curves whose tangent lines intersect «
orthogonally. By using the similiar method we produce a new ruled surface
based on the other ruled surface. Involute B — scroll is defined in [13] . The
differential geometric elements of the involute D scroll are examined in [17].It
is well-known that, if a curve is differentiable in an open interval, at each
point, a set of mutually orthogonal unit vectors can be constructed. And these
vectors are called Frenet frame or moving frame vectors. The rates of these
frame vectors along the curve define curvatures of the curves. The set, whose
elements are frame vectors and curvatures of a curve «, is called Frenet-Serret
apparatus of the curves. Let Frenet vector fields be V; (s), Va2 (s), V5 (s) of «
and let the first and second curvatures of the curve a(s) be k; (s) and ks (s),
respectively. The quantities {V;, Va, V3, D, k1, ko } are collectively Frenet-Serret
apparatus of the curves. Let a rigid object move along a regular curve described
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parametrically by «a(s). This object has its own intrinsic coordinate system.
Here Darboux vector D is the areal velocity vector of the Frenet frame of
a space curve. It is named after Gaston Darboux who discovered it. The
Darboux vector provides a concise way of interpreting curvature k; and torsion
ko geometrically; curvature is the measure of the rotation of the Frenet frame
about the binormal unit vector, and torsion is the measure of the rotation of
the Frenet frame about the tangent unit vector. For any unit speed curve a,in
terms of the Frenet-Serret apparatus, the Darboux vector can be expressed
as D(s) = ka(s)Vi (s) + k1(s)V5 (s) where curvature functions are defined by

ki = ki(s) = ||Vi(s)|| and kqo(s) = — <V2,V3> The Darboux vector field of

« and it has the following symmetrical properties [7], D x Vi = Vi,Dx Vs =

Vo, D x V3 = V. Let a vector field be D(s) = ’;—j(s)vl (s) + V3 (s) along a(s)

under the condition that k;(s) # 0 and it is called the modified Darboux vector
~ /

field of a [14]. Also it is trivial that D(s) = (Z—f) V1. The Frenet formulae are

also well known as

Vi 0 k 0][W
Vool =] -k 0 K V5
Vs 0 -k 0 ||V

Let unit speed regular curve o : I — E3 and o* : I — E? be given. For Vs € I,
then the curve o is called the involute of the curve «, if the tangent at the
point a(s) to the curve a passes through the tangent at the point a*(s) to the
curve o and (V;, V") = 0. The distance between corresponding points of the
involute curve in E? is d(a(s), a*(s)) = |0 — s|,0 = constant,Vs € I,then we
may write that

a*(s)=a(s)+ (c—s)Vi(s).

The relations between the Frenet frames {Vi(s), Va(s), Va(s), D(s)} and

{Vi¥(s), V5'(s), V5'(s), D*(s)} are as follows:
rvl* _ 1,

 kVi+ kW

V*
L+ k)

_ kVi By Vs (1.1)

Vi :
(Kt + k3)?

- ks Kl ky — kik, Ky

Vi — Vo + —V4s.
\ NEEEYY (k2 + k2)? VkZ+ k3




7084 S. Kiligoglu, S. Senyurt and H. H. Hacisalihoglu

Theorem 1.1 Let (o, a*) be a involute-evolute curves in E3. For the curva-
tures and the torsions of the involute-evolute curve (a, o) we have,

(c—s)kr 2 (0—s)ki(k}+Ek3) (8] [£2]).

(1.2)

Let o : I — E? and o** : I — E3 be the C?— class differentiable unit speed
two curves and let Vi(s), Va(s), V3(s) and V™ (s), V5™(s), V57 (s) be the Frenet
frames of the curves o and o**, respectively. If the principal normal vector V5
of the curve « is linearly dependent on the principal normal vector V;* of the
curve o™, then the pair (a, a**) are called Bertrand curve pair, [8],[15]. Also
a** is called Bertrand mate. If the curve o™ is Bertrand mate of «, then we
may write that

a™ (s) = a(s) + AVa (s) (1.3)

If the curve o is Bertrand mate « (s), then we have that (V;** (s),V; (s)) =
cos f = constant.

Theorem 1.2 The distance between corresponding points of the Bertrand curve
pair in B3 is constant, [8],[15].

Theorem 1.3 If ko(s) # 0 along a(s), then a(s) is a Bertrand curve if and
only if there exist nonzero real numbers X\ and 8 such that constant Ak + Pky =

1 for any s € 1. It follows from this fact that a circular helix is a Bertrand
curve, [8].

Theorem 1.4 Let o : I — E? and o™ : I — E? be the C*— class dif-
ferentiable unit speed two curves and the quantities {Vl, Vs, Vi, D, ky, /{32} and

| A 7 VA D**, k™, k;;*} are collectively Frenet-Serret apparatus of the curves

a and the Bertrand mate o™, respectively, then

(V** — BV1I+AV3
1 /\21 32
‘/'2** — ‘/2
Vit = 22ABh . Ay > 0
3 /32432
E** _ kl\/m[)

L T (BE1—Xk2) T

the first and second curvatures of the offset curve o™ are given by

Bk1 — My 1

kik*: ()\2+52)k27 k;*: (/\2—1-/32)]{:2’[8]'
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1.1 Striction curve of Frenet ruled surface

Frenet ruled surface is one which can be generated by the motion of a Frenet
vector of any curve in Euclidean 3 — space. Tangent, Normal, Binormal, Dar-
boux ruled surfaces of any curve are collectively named Frenet ruled surfaces.
They have the following equations.

Definition 1.5 In the Fuclidean 3 — space, let a(s) be the arclengthed curve.
The equations

p1(s,u1) = a(s) +uiVi(s)
P2 (8,u) = a(s) +uaVa (s)
w3 (s,u3) = a(s) + u3‘{3 (s)
Pa (8, us) = a(s) + usD(s)

are the parametrization of Frenet ruled surfaces which are called Vi — scroll (
tangent ruled surface), Vo —scroll (normal ruled surface), V3—scroll (binormal
ruled surface), Darboux ruled surface, respectively in [5].

Definition 1.6 The striction point on a ruled surface p(s,v) = a(s)+wve(s) is
the foot of the common normal between two consecutive generators (or ruling).
The set of striction points defines the striction curve given by

c(s) = afs) — <as’es>e(s).

(es, €s)

For more detail see in, [3].

Theorem 1.7 The striction curves of four Frenet ruled surfaces is given by
the following matrix

S 0 0 0
k1
co—a | 0 K2 k2 0 51
cs—a | 0 0 0 2
ks 0 ) Vs
e ki (2) ()

Proof. Lets the striction curve of a tangent ruled surface ¢; is ¢1(s), since

(V1,1 Vo)
(Vi(s)s, Vi(s)y)

the striction curve of a tangent ruled surface is its directrix curve «,that is

ci1(s) = afs) —

Vi (s)
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Similarly, the striction curves of normal ruled surface, binormal ruled surface
and darboux ruled surface are given following this equations:

ks
A
ca(s) = als),

k 1
ca(s) = a— 2 Vi — V3

w(e) (e

this completes the proof. It is easy to give the matrix, since we have already
get the following equalities; this completes the proof. m

2 Striction curves of Involute and Bertrandian
Frenet ruled surface

In this section, first the tangent, normal, binormal, Darboux Frenet ruled
surfaces of the involute a* of the evolute o have been given as in the following
definitions Further we write their parametric equations in terms of the Frenet
apparatus of the evolute a with arclength s, they are called ” Involute tangent,
normal, binormal, Darbouxr Frenet ruled surfaces of curve o’ as in the
following way. In short way we use "the Involute Frenet ruled surfaces a.”

Definition 2.1 In the Fuclidean 3 — space, let o* (s) be involute of a(s) with
arcparameter s. The equations

@1 (s,v1) = a” (s) +viVf (s)
@3 (s,v2) = a” (s) + 0215 (s)
o5 (s,v3) = a* (s) + ’Ug‘{; (s)
@1 (s,v4) = a” (s) +vaD*(s)

are the parametrization of Frenet ruled surface of involute curve o* (s)
These surfaces express depending upon the evolute curve:
(

01 (s,01) = a(s) + (0 —s)Vi(s) +unila(s),

93 (5,02) = au(s) + (0 = 5)Vi () + v | Z0EREE )
(k3+K3)2

@5 (5,03) = a(s) + (0 — 8)Vi (s) +vg | 2O
(k+k3)*

¢i(s,0a) = a(s)+ (0 = 5)Vi(s)

/
k ki ko—k1k k1 V-
+U4 22 2V1_ 1= 1§2V2+ 1232
\/k1+k2 (k%+k%)2 \/k1+1€2
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are the parametrization of Frenet ruled surface of evolute curve « (s) , which are
called Involute Normal ruled surface, Involute binormal ruled surface
and Involute Darboux ruled surface, respectively. They are collectively
Involute Frenet ruled surface

Also we give the tangent, normal, binormal, Darboux Frenet ruled surfaces
of the Bertran mate o**. Similarly we write their parametric equations in
terms of the Frenet apparatus of the Bertrand curve o. Hence they are called
” Bertrandian tangent, normal, binormal, Darboux Frenet ruled surfaces
of curve « as in the following way.

Definition 2.2 In the Euclidean 3 — space, let o (s) be Bertrand mate of
a(s) with arcparameter s. The equations

P (s, w1) = @™ (s) + w V™ (s)
05" (s, w2) = @™ (s) + waV5™ (s)
5" (s, ws) = ™ (s) + wsV5™ (s),
i (s,wa) = ™ () + waD*™*(s)

are the parametrization of Frenet ruled surface of Bertrand mate o* (s) .
From theorem 1.4, we can write these surface equations

(| _xx _ BV1I+AV-
O (s,wy) = a+ AV + wl\/;Q—Tﬁz’
O3 (s,w2) = a + (A4 ws) Va,
. . VI8V
O3 (s, ws) = a+ AVa 4+ ws (ﬁ) ;

*ok k V/\2+ﬁ2 M
(pi" (s,ws) =+ AVa + w4mD'

are the parametrization of Frenet ruled surface which are called Bertrandian
Tangent ruled surface, Bertrandian Normal ruled surface, Bertran-
dian Binormal ruled surface and Bertrandian Darboux ruled surface,
respectively. They are collectively Bertrandian Frenet ruled surface

Theorem 2.3 The striction curves of four Frenet ruled surfaces along the
volute curve o* is given by the following matriz

0 0 0
cp—a k;
*
N ¥ 0 jEeanEY] 0 Vi
_ ki“+k
02 « 1 2 *
e e | =0 0 0 v;
3 k3 1 Vix
c— ot — 7 0 — 7 3
4 E* ky ky
LA KT k1
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Proof. It is trivial that four the striction curves of four Frenet ruled
surfaces along the involute curve o* are

ci(s) = a’(s)
* _ * 1 *
Gls) = a*(s)
5o
CZ(S) — Oé* - ki * *

Hence we have the proof. m

Theorem 2.4 The equatinos of the striction curves of four Involute Frenet
ruled surfaces of the curve a in terms of Frenet apparatus of evolute curve

Y 0 0
g — o k3 kik
i T B _kaky Vi
o @7 = A( (ﬁ+%XH"ﬁ) D Va |, here
—a A 0 0 V:
G —aQ A — —f2 -n k. 3
m m’(k%—l—k%)7

"
- '
(0 —s)=ANk?+k3=n and (Z—f) = U

Proof. The equatinos of the striction curves of four Frenet ruled surfaces
along the involute curve a* are

Aals) = a+ AV

*

kl
% — * V*
c5(s) o + —kf2 yEs >

ci(s) = a+ AV

V2 + k3 kKl — kKo
Now substituing k* = Y- 2 k% = 2 1 in the equatinos of
T o)k T (0= 8) ki (k2 + D) E
the striction curves of four Frenet ruled surfaces along the involute curve o*

we have

2 212
c(s) = a+A[1—-Fk klg(kl +/k2> —— | V1
(k2 + k2)" + (k2k1 — ]{31]{?2)
ky (B + k3)*

+ ko
(k2 + k2)° + (kpky — K ko)”

Vs




On the striction curves of involute and Bertrandian Frenet ruled surfaces 7089

sy (Kiky — kaky) |
c(s) = a(s)+ (x\—l- < : Vi
VIFFEE N\ (k2 4 k2)2
ks — bk ((k’lkg - klks;)) Yy ((kikz - kl@)) V.

(B +K)% \ (4 k)% VIR G+ 098

K ko —k1ky ) )

and in short way lets m = Q Hence we can give the following equa-
(k3+K3)2

tions;

k2 kyko
ss)=a+A(1— ! Vi+A V.
300 = A (1= G ) T
and

[N

k m k
GE)=at (A —— | Vi- Vot ———— V4

m' (kf + k3) m m' (ki + k3)*
where A = 0 — s .Further it is easy to write the matrix form in terms of Frenet
apparatus of evolute curve «.This completes the proof. m

(Kika—iky) _ L

Corollary 2.1 Ifm = W 15 a constant than there is not the striction

k3+k2)2
curve of the Involute Darbouz ruled surface.
(Wika—kuks)

(k%+k§)%

of the Involute normal ruled surface.

Corollary 2.2 If m = = —1 than there is not the striction curve

Theorem 2.5 The striction curves of four Frenet ruled surfaces along the
Bertrand mate o** is given by the following matrix

€ —« 0 fT* 5 0 1/
cEF — ofF ki*24+ks* 1
2 _ V**
crF o - 0 0 0 2
3 k3* 1 Vs
A — o P 0 - 3
4 Jox* ki k2

1\ & R

Proof. It is easy to give the following matrix for the striction curves of
four Frenet ruled surfaces along along the Bertrand mate o**
a’(s) = a”(s)
ki*
C** S — Oé** S _I_ _mMm
2 ( ) ( ) kT*2 +k§*2
i'(s) = o (s)
ky*

(kg* )l 1 <k§*>/ N

Vy™ (s)
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Theorem 2.6 The equatinos of the striction curves of four Bertrandian Frenet
ruled surfaces along the evolute curve o in terms of Frenet apparatus of evolute
curve o

. 0 A 0
A, 0 ; 0 Vi
Cy —« m/\/ A2+ 32k \ m/ /X4 52k
m3 m3 J
here m = ki — Aky and (o — s) = A.
Proof. Now substituing ki* = (If’;i;ﬁé\;fg’ k¥ = m, hokyt =

m in the equatinos of the striction curves of four Frenet ruled surfaces
along the Bertrand mate o**

T (s) = als) + AV,

k% k** kk
(3) W 2 (3)

= a7 (s) =a(s) + A,
- D™ (s )
= o™ (s) — v
lq*
we have the equationc in terms of Frenet apparatus of bertrand curve «, where
m = fky — A\ky. ®

I
Q

_|_

Il
Q

Example 1 Let us consider the following Bertrand curve o, involute curve o*
and Bertrand mate o, respectively, [1].

9 1 9 1 6
— (-2 sin16s — —— 165 4+ —— in 1 )
a(s) = (208 sin 165 77 sin 365, — 208 %8 65 + 17 cos 36s, — ) 55 Sin Os

9 1 9 4 9
a(s) = (— sin 16s — —— sin 365 + (0 — s) (=5 cos 16s — — cos 36s), —=— cos 16s

208 117 13 13 208
+ . cos 36s + (0 — s)( ) sin 165 A sin 365s), 6 — sin 10s + 12( s) cos 103)
117 73 13 65 137
“(s) ( D Gin 165 — —— sin 365 + 2\ c0s(265), — —— cos 165 + —— cos 36
a™(s) = (==—=sinlbs — —— sin36s + — X cos(26s), ——— cos 16s + —— cos 365
208 117 13 208 117

12
+ 1—3)\ sin 26s, 665 sin 10s — 1—53)\)
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Involute curve of «

Bertrand mate of a

/ .._v'
.hilh%\A\ ’I»/W,-y/////w

s
/./////@

TAEX

)

a: Tangent ruled surface
b: Bertrandian tangent ruled surface

¢: Involute tangent ruled surface.

d: Normal ruled surface
e: Bertrandian normal ruled surface

f: Involute normal ruled surface.
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*w L

g: Binormal ruled surface
h: Bertrandian binormal ruled surface
i: Involute binormal ruled surface.

j: Darboux ruled surface
k: Bertrandian darboux ruled surface
m: Involute darboux ruled surface.

Figure 1: The figures n, o and p show the status of the surfaces relative to
each other, respectively.

These figures are drawn with Mapple program for A = o = 1.
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