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Abstract In this study, we determine translation surfaces generated by spherical indicatrices
of space curves in E* and obtain some characterizations based on the fact that such surfaces are
flat or minimal. Also, we give some examples of such surfaces by using Mathematica.

1 Introduction

The parameterization of a translation surface is in 3-dimensional Euclidean space is given by :

X(u,v) = (u,0, f(w)) + (0,v,9(v))

where f and g are real valued differentiable functions on the open interval. In 1835, H. Scherk
was proved that the minimal translation surface, excluding planes, is only the Scherk surface
given by the parameterization:

1

X (u,v) = (u,v, Elog cos(cu)

cos(cv)

> , where c is non-zero real constant

The generalized type of a translation surface is the surface shaped by moving « parallel to
itself in such a way that a point of the curve moves along /3 [6]. Therefore, the parameterization
of the surface is determined as:

X (u,v) = ofu) + B(v), (1.1)

where « and /3 are curves given by the parameters v and v, respectively. There are many papers
on translation surfaces. Vestraelen et al. studied minimal translation surfaces in n-dimensional
Euclidean space [16]. Liu obtained some characterizations about the translation surfaces with
constant mean curvature or constant Gauss curvature in 3-dimensional Euclidean space E* and
3-dimensional Minkowski space E? [9]. Muntenau and Nistor study the second fundamental
form of the translation surfaces in 3-dimensional Euclidean space E* [10] and obtained some
characterizations by using the second Gaussian curvature K of the translation surfaces . Cetin
et al. expressed some computations about the translation surface in terms of Frenet vector fields
and the curvatures of generator curves of the surface [3, 4]. Cetin et al. studied on parallel
surface to translation surfaces in E® [5]. Ali et al. gave some results on some special points of
the translation surfaces in E* [1]. Since the translation surfaces are surfaces produced by two
space curves, some basic calculations of the surface can be stated in terms of Frenet vectors and
curvatures of the curve. There is a different version of the relation between curve and surface
in the studies [11], [12], [13], [14]. In these studies, some special curves lying on the surface
are studied and Frenet vectors and curvatures of the curve are expressed in terms of some basic
calculations of the surface.

In this paper, we determine translation surfaces generated by tangent, normal and binormal
indicatrices of space curves in 3, respectively and obtain some characterizations based on the
fact that such surfaces are flat or minimal. Also we give some examples of such surfaces by
using Mathematica.
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2 Preliminaries

Letp: I C R — E3: s — ¢(s) be an arbitrary curve given by the arc-length parameter s in
3. Let {t,n,b} and x, T be the Frenet vector fields and curvature functions of the curve ¢ ,
respectively. There is a relation between the derivatives of Frenet vector fields with respect to
arc-length parameter s and themselves as follows:

t'(s) 0 k(s) O t(s)
n'(s) | = | —k(s) 0 7(s) n(s) |,
b'(s) 0 -7(s) O b(s)

Definition 2.1. A curve ¢ : I C R — E?, with unit speed, is a general helix if there is a constant
vector u, so that (¢,u) = cos @ is constant along the curve, where ¢(s) = ¢’(s) is a unit tangent
vector of p at s [7].

Theorem 2.2. A curve ¢ : I C R — E3, with unit speed, is a general helix if and only if

(I) (s) = constant. If both of k(s) # 0 and 7(s) are constant, then it is called a circular helix
K

[71.

Definition 2.3. Let ¢ be a unit speed regular curve in Euclidean 3-space with Frenet vectors ¢,
n and b. The unit tangent vectors along the curve ¢ generate a curve (¢) on the sphere of radius
1 about the origin. The curve (t) is called the spherical indicatrix of ¢ or more commonly, (¢)
is called tangent indicatrix of the curve . If ¢ = ¢(s) is a natural representation of ¢, then
(t) = t(s) will be a representation of (¢). Similarly one considers the principal normal indicatrix
(n) = n(s) and binormal indicatrix (b) = b(s) [15].

Let M : X = X(u,v) C E? be a regular surface. Then the unit normal vector field of the
surface M is determined by

X, x X,
N=—17-——,
[ Xu x Xl
0X 0X
where X, = M, X, = % are the parameter curves of M and x denotes the

u v
vector product of E3. The coefficients of the first fundamental form and second fundamental
form are given by, respectively as follows:

E = <Xu,Xu>; F= <Xu7Xv>a G= <XvaXv>
and

l= <quaN>7 m = <Xuv7N>7 n= <vaaN>'
Gauss and mean curvatures of the surface M are expressed as follows:

In —m?

K = G 2.1
1En+ Gl —-2Fm
H = 3T EG_F 2.2)

Definition 2.4. If Gauss curvature of a regular surface in E3 vanishes, the surface is called flat
and if its mean curvature vanishes, then the surface is called minimal surface [8].

Definition 2.5. A constant angle surface in [E? is a surface whose unit normal vector makes a
constant angle with an assigned direction field [2].

3 Translation Surfaces Generated by Spherical Indicatrices of Space Curves
in Euclidean 3-Space

Leta : I — E*and 8 : J — E? be non-degenerate curves given by arc-length parameters u
and v, respectively. Let {ty, q, b, Ko, To } and {tg,ng, bs, k3, 73} be Frenet Apparatus of the
curves « and j3, respectively. In this section, we investigate the translation surfaces generated by
tangent indicatrices, principal normal indicatrices and binormal indicatrices of the curves a and
(5 and obtain some characterizations for such surfaces.
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3.1 Translation Surfaces Generated by Tangent Indicatrices of Space Curves in
Euclidean 3-Space

Translation surface generated by tangent indicatrices of space curves in E? is defined by :
M X(u,v) = to(u) + tg(v). 3.1
Calculating the partial derivative with respect to v and v of the translation surface is given by the
parametrization (3.1), we obtain
Xy = KaNa, Xy = Kgng.
Hence, the components of the first fundamental form of the surface M, are obtained as:

E = &2, (3.2)
F = Ekqkgcos[p(u,v)], (3.3)
G = kp (3.4)

Note that ¢ = ¢(u, v) is the smooth angle function between n,, and ng.
In that case, the unit normal vector of the translation surface M is obtained as:

— _NaXnpg
N(u,v) = sin[(a, o)) (3.5)

Since the surface M is a regular surface, sin[¢(u,v)] # 0. The principal normal vector of the
curve o can be expressed as a linear combination of {¢g, ng, bg} as:

Ng = pitg + pong + usbg, 3.6)
where
= (e ts) = sinl(u, o) cos[r(u,v)],
p2 = (nasns) = coslo(u,v)],
ps = (na,bg) = sin[p(u, v)]sin[y(u, v)]. 3.7)

Similarly, the principal normal vector of the curve 3 can be expressed as a linear combination of
{ta,Na,ba} as:

ng = AMta + Aang + A3bq, 3.8)
where
A = (ng,ta) = sin[¢(u,v)|cos[d(u,v)],
A = (ng,na) = cos[(u,v)],
A3 = (ng,by) = sin[¢(u, v)]sin[f(u, v)]. 3.9

We can write the unit normal vector of surface M in two different ways:
By using (3.5) and (3.8), it is determined by

Ny = sin[0(u, v)]ts, — cos[0(u, v)]bq (3.10)
or by combining (3.5) and (3.6), it is given as:
Ny = —sin[y(u, v)]ts + cos|y(u, v)]bs. (3.11)
Also, the components of the second fundamental form of the surface M, are computed as:
I = —ry? {Cos[é’(u,v)]z + sin[e(u,v)}} : (3.12)
m o= 0, (3.13)
n = rg’ [cos['y(u,v)];z + sin[v(u,v)]} . (3.14)
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Proposition 3.1. The Gaussian curvature K and the mean curvature H of the translation surface
M, are found as the follows, respectively:

K = : (3.15)

_ [cos[e(u, o) I + sin[a(u,v)]} + [cos[’y(u,v)];—‘; + sin[v(u,v)]}
H = -~ . (3.16)
2sin”[¢(u, v)]
Proof. By substituting (3.2), (3.3), (3.4), (3.12), (3.13), (3.14) in (2.1) and (2.2), we obtain (3.15)
and (3.16), respectively. O

Theorem 3.2. If the surface M, is flat then

cos|[6(u, v)];—z + sin[f(u,v)] =0 or cos[y(u, v)];—i + sin[y(u,v)] = 0. (3.17)

Proof. It is obvious from Definition 2.4 and (3.15). O

Theorem 3.3. If the surface M is flat, then the angle 0 is a function that depends only on u or
the angle v is a function that depends only on v.

Proof. Let the surface M; be flat. Then (3.17) holds.

If cos[f(u, v)] Z= + sin[f(u, v)] = 0, then To = _ tan[f(u, v)]. Hence the angle 6 becomes only
o Ko
a function of u. Similarly, if cos[v(u,v)];—f + sin[y(u, v)] = 0, then T _ _ tan[y(u,v)]. So,
3 HB

the angle v becomes only a function of v. O

Theorem 3.4. Let the surface M, be flat. If the curves o and 3 are helices then the angles 0 or
7y are constant.

Proof. We assume that the surface M, is flat. In that case the equation (3.17) is satisfied. If
cos[f(u, v)] I=+sin[f(u, v)] = 0, then To = tan[f(u, v)]. Since « is a helix curve, tan[f(u, v)]
@ K

(63
becomes constant and it is implies that 6 is constant. If cos[y(u,v)] ;—‘; + sin[y(u, v)] = 0, then
- tan[y(u,v)]. Since 8 is a helix curve, tan[y(u, v)] is constant. Hence  becomes a con-
K

stant angle. O

Theorem 3.5. Let the surface M, be flat. If the curves o and (3 are planar curves then the angles
0 =rkory=rnk (keZ).

Proof. Let o and 3 be planar curves, then 7, = 0 and 73 = 0. Since the surface M is flat,
from (3.17) we obtain that sin[0(u, v)] = 0 or sin[y(u,v)] = 0. If sin[f(u,v)] = 0, then § = 7k,
k € Z. Similarly, if sin[y(u,v)] =0, then v =k, k € Z. O

Theorem 3.6. Let the surface M be flat. If the curves « and (3 are helices, then the surface M
is a constant angle surface.

Proof. We suppose that the surface M is flat and the curves « and S are helices. From Theorem
34,0 = 6y or v = ~ are constant angles. Without loss of generality, we suppose that 6 is
constant. Since « is helix, then there exists a unit constant direction 1, which makes a constant
angle with unit tangent vector ¢,, of the curve «. Then (t,, u,) = cos dy = constant. Hence we
can define u,, as:

Uq = COS Oty + SIN Gpby, . (3.18)
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By using (3.10) and (3.18), we get

(N1,uq) = sinfycosdy — cos bysin dy

= constant.

From Definition 2.5 it completes the proof. O

Theorem 3.7. If the surface M is minimal then

cos[ﬂ(u,v)];—z + sin[f(u, v)] = cos[”y(u,v)];——i + sin[y(u, v)]. (3.19)

Proof. It is obvious from Definition 2.4 and (3.16). O

Theorem 3.8. Let the surface M, be minimal. If the curves « and 3 are planar curves then the
angle between n,, and bg and the angle between b, and ng are the same.

Proof. Let o and § be planar curves, then 7, = 0 and 75 = 0. Since the surface }/; is minimal,
from (3.19) we have that sin[0(u, v)] = sin[y(u,v)]. In that case (3.7) and (3.9) are equal to each
other. O

Example 3.9. Let a and 3 be curves in E3 given by

o (e[ 3] S [3]):
B(v)zé(v—i— 1402, (v+ V1 +02) "L V2In(v + 1+v2))

where « and /3 are curves given by the arc-length parameters v and v, respectively. The tangent
indicatrices of the curve « and 3 are as:

w0 =35 (- [ 2o [])
and o v+\/1+7v27 | V2
tﬁ(v)_2< 1+02 7 \/1+U2(U+\/1+”2)’\/1+U2>'

Then the translation surface generated by ¢, and ¢ tangent indicatrices of space curves is as:

sin [ 7] ot vVIT e 2 1 cos[J£] V2 )

M‘(”’U)_<_ 5 it Vs it owavite) 5 it
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Figure 1. Translation surface generated by tangent indicatrices of space curves

3.2 Translation Surfaces Generated by Principal Normal Indicatrices of Space
Curves in Euclidean 3-Space

Translation surface generated by principal normal indicatrices of space curves in E? is deter-
mined by:

M, @ X (u,v) = ng(u) +ng(v). (3.20)

By calculating the partial derivative with respect to u and v of the translation surface is given by
the parametrization (3.20), we obtain

Xy = —Kata + Taba, Xy = —rptg + T3bp.

The Frenet vector fields of the curve « can be written as a linear combination of {tg,ns,bs} as:

ta = >\1t5 + )\2?15 + )\3[)5, (321)
Na = Matg+ Asng + Agbg, (3.22)
bo = Mitg+ Asng + Aobg. (3.23)

Similarly, the Frenet vector fields of the curve 3 can be written as a linear combination of
{ta,Na,ba} as:

tg = Ata + Mng + Aba, (3.24)
ng = Mta+ Asng + Agba, (3.25)
bg = Mta + A¢Na + Aobq, (3.26)

where
<ta7tﬂ> =1, <ta7nﬂ> =, <taab5> = A3,
(Na,tg) = My (na,ng) = As,  (na,bg) = e, (3.27)
(bastp) = N1, (basnp) = As,  (ba,bp) = No.
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Hence, the components of the first fundamental form of the surface M, are obtained as the
following:

E = r:+72 (3.28)

F = kaks ()\1 - T‘%) — Taks <A7 - T’%) : (3.29)
kg kg

G = rz+75 (3.30)

Then, the unit normal vector of the translation surface M, is found as:

Rk [(ta X tg) = Z2(ta x bg)| = Takis |(ba X tg) = Z2(ba x b)]
N(u,v) = Nioehys . (33D

where
T T, 2
EG — F* = (kg + 73) (k3 + 75) — [Haﬁg(/\l — i)g) — Takig(M — liAg)] :
By using (3.24), (3.26) and (3.31), the unit normal vector of the surface M, is written as:

. Fakis |2 (= ZAe)ta = [(A = Z220) + 22 (M = 2229 [na + (M = 22 26)be
' VEG — F?

or by using (3.21), (3.23) and (3.31), the unit normal vector of the surface M, can be expressed
as:

waﬁ“& MW+“M+gMygﬂM+gMﬂw+gyvmmﬂ
VEG — 2 ’

Also, the components of the second fundamental form of the surface M, are computed as:

I = \/% |:l€ (:;) (ArfAf,) ( a2+7a2){(/:—[;)\9—)\ 7) +—a(;ﬁA3 l)H(,3.32)

N, =

m =0, (3.33)

3
\

___fafig Yy, _ Ta 2 2 T8
017 |: ( 5) ()\2 - )\g)—i-(lig + 73 )[()\34- Hﬁ)\l)

Proposition 3.10. The Gaussian curvature K and the mean curvature H of the translation sur-
face Mj are obtained as follows, respectively:

Ta T3
2o+ I%)\7)H(3.34)

(03

/ /
Kalkg? “a(m) (A= ?[3)‘6) ”B(Hﬁ> (N - LO‘)‘S)
K:*W —(Fa® +7a?) (7220 = A7) Hrg? +757) (A + 2N |
ra ) B (Zh - h) )\ g 7?) B e+ )
(3.35)
fza( ") (kg? +75%) (A4 — ;—Z%)
—(Ka? + 7a?) (kg% + 757 (")\9—)\7)
_ Kakg —(Ka® + Ta )(/{5 + 73 )T‘:(TB A3 —Ar) (3.36)
2(VEG - F?)? (Hﬁ) (fa? 4+ 7a2) (A2 — T2 Ag) '
(Iﬁ:az + 7a%) (kg* + 75%) (A3 + L")\l)
b + 7B (ks ) B (o4 22)
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Proof. By substituting (3.28), (3.29), (3.30), (3.32), (3.33), (3.34) in (2.1) and (2.2), we obtain
(3.35) and (3.36), respectively. O

Theorem 3.11. If the surface M, is flat then
Ta\’ T T
Ko (@) (M — ;‘;Aﬁ) — (ka® +7a?) [(—Ag —X\7) + E(;; M= A)| =0
or

m(TB) (A — —)\g) + (kg? + 74%) [(A3 4 %ZAI) ~ T (e + %Z)W)} _0. (337

[e3%

Proof. It is obvious from Definition 2.4 and (3.35). O

Theorem 3.12. Let the surface M, be flat. If the curves o and 3 are planar curves then t, and
bg are orthogonal or b,, and tg are orthogonal.

Proof. Let « and 3 be planar curves. Then 7, = 0 and 73 = 0. Since the surface M, is flat from
(3.37) we obtain that A3 = 0 or Ay = 0. If A3 = 0, from (3.27) (¢4, bs) = 0. Then it implies that
t, and bg are orthogonal. Similarly, if \; = 0, then from (3.27) (bs,t3) = 0. Then it implies
that b,, and ¢t are orthogonal. O

Theorem 3.13. If the surface M, is minimal then

;-;O,(Ta) (kg +76%) (A = 22 )
_( +Ta)“5 + 75 ([3)\9—/\7)
—(Ka )(FLB +715%) a( ﬁ/\3 Ar)

(Kﬁ) (ka? +7a2) (A2 — %‘:AS)
—(Ka? + 7a2) (ks* + 75 )()\34-2)\1)
+(Ka +Ta2)(’€,6 + 73 )T" (Ao + Tﬁ)\)

=0. (3.38)

Proof. It is obvious from Definition 2.4 and (3.36). O

Theorem 3.14. If the surface M, is minimal and the curves o and ( are planar curves then the
angle between t,, and bg and the angle between b, and tg are the same.

Proof. Let « and 3 be planar curves, then 7, = 0 and 74 = 0. Since the surface M, is minimal

from (3.38) we obtain A3 = A\;. Hence, from (3.27) (to,bs5) = (ba,t3). O

Example 3.15. Let o and f3 be curves in E3 given by

_\%<m,2u,ln(u+m)>v

Bv) = <153 cos[v], 183 sin[v], — %cos[ ]))

where o and (3 are curves given by the arc-length parameters v and v, respectively. The principal
normal indicatrices of the curve « and 3 are as follows:
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and
ng(v) = < - 15—3 cos[v], sin[v], % cos[v]).

Then the translation surface generated by n,, and ng principal normal indicatrices of space curves
is as:

M;(u,v) = —I_—ECOS[]Sin[]——u—-I-ECOS[]
H(u,v) = = 13 v, v, =2 T 13 vl |.

Figure 2. Translation surface generated by principal normal indicatrices of space curves

3.3 Translation Surfaces Generated by Binormal Indicatrices of Space Curves in
Euclidean 3-Space

Translation surface generated by binormal indicatrices of non-planar space curves in [E? is deter-
mined by :

M; 2 X (u,v) = bo(u) + bg(v). (3.39)

Calculating the partial derivative with respect to u and v of the translation surface is given by the
parametrization (3.39), we obtain
Xu = —TaNa, Xv = —Tg’nﬁ.

Hence, the components of the first fundamental form of the surface M3 are obtained as the
following:

E = 72, (3.40)
F = t471gc08[0(u,v)], (3.41)
G = 75 (3.42)

Note that § = 0(u, v) is the smooth angle function between n,, and ng.
Then, the unit normal vector of the translation surface M3 is given by the parametrization (3.39)
is as:

Nag X N

N(u,v) = W, (343)

Since the surface M3 is a regular surface, sin[f(u, v)] # 0. Principal normal vector of the curve
« can be expressed as a linear combination of {¢g,ns,bs} as:

Ng = pitg + pong + u3b,3, (3.44)
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where
pi = (ng,tg) = sin[f(u,v)]cos[d(u,v)],
w2 = (ne,ng) = cos[f(u,v)],
p3 = (ng,bg) = sin[f(u,v)]sin[¢(u, v)]. (3.45)

Similarly, the principal normal vector of the curve 3 can be expressed as a linear combination of
{ta,na,ba} as:

ng = AMta + Mg + Azbg, (3.46)
where
Al = (ng,ta) = sin[f(u,v)|cos[y(u,v)],
X = (ng,ng) = cos[f(u,v)],
A3 = (ng,ba) = sin[f(u, v)]sin[y(u, v)]. (3.47)

We can have the unit normal vector of the surface M3 in two different ways:
By using (3.43) and (3.46), it is obtained by

Ny = sin[y(u, v)]tq — cos[y(u,v)]ba (3.43)
or by combining (3.43) and (3.44), it is found as:
Ny = —sin[¢(u, v)]ts + cos[p(u, v)]bs (3.49)

Also, the components of the second fundamental form of the surface M3 are computed as fol-
lows:

Il = KkaTa {Cos[’y(u,v)];—a + Sin['y(u,v)]] , (3.50)
m = 0, (3.51)
n = —KgTR {Cos[qﬁ(u, v)];——[; + sin[gb(u,v)]} . (3.52)

Proposition 3.16. The Gaussian curvature K and the mean curvature H of the translation sur-
face M3 are obtained as, respectively:

ﬁaﬁg{Cosh(u,vﬂgi~+shﬂ7(u,vﬂ}[00ﬂ¢(u,vﬂgﬁ~+shﬂ¢(u,vﬂ}

TaTB sin® 0

Ko . (353)

Kakg {;—‘; [COS[V(U,U)]% + sin[y(u, v)]] — o [cos[qﬁ(u,v)]% + Sin[gzﬁ(u,v)]]}

27,75 sin” @

- . (3.54)

Proof. By substituting (3.40), (3.41), (3.42), (3.50), (3.51), (3.52) in (2.1) and (2.2), we get
(3.53) and (3.54), respectively. O

Theorem 3.17. If the surface Mj is flat then

cos[y(u, v)];—z + sin[y(u,v)] = 0 or cos[¢(u, v)];—i + sin[¢(u, v)] = 0. (3.55)

Proof. It is obvious from Definition 2.4 and (3.53). O
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Theorem 3.18. If the surface M is flat, then the angle ~y is a function that depends only on u or
the angle ¢ is a function that depends only on v.

Proof. Let the surface Mj be flat. Then (3.55) holds. If cos[y(u,v)] f= + sin[y(u,v)] = 0, then

Ta

= tan[y(u,v)]. Hence the angle  is only a function of . Similarly, if cos[¢(u, v)];—z +
sin[¢(u, v)] = 0, then ;—B = —tan[¢(u, v)]. So, the angle ¢ depends only on v. O
B

Theorem 3.19. Let the surface Ms be flat. If the curves o and [ are helices, then the angles -y
or ¢ are constant.

Proof. We assume that the surface M3 is flat. In that case the equation (3.55) is satisfied.

If cos[y(u,v)] 2> + sin[y(u,v)] = 0, then /:—a = —tan[y(u,v)]. Since « is a helix curve,

tan[y(u, v)] becomes constant and it is implies that v is constant. If cos[¢(u, v)] Z—‘;—l—sin[q&(u, v)] =

0, then B __ tan[¢(u, v)]. Since S is a helix curve, tan[¢(u, v)] is constant. Hence ¢ becomes
K

a constant angle. O
Theorem 3.20. Let the surface M3 be flat. If the curves o and 3 are helices, then the surface M;

is a constant angle surface.

Proof. We suppose that the surface M3 is flat and the curves a and S are helices. From Theorem
3.19, v = 79 or ¢ = ¢y are constant angles. Without loss of generality, we assume that -~y is
constant. Since « is helix, then there exists a unit constant direction u,, which makes a constant
angle with unit tangent vector ¢,, of the curve «. Then (¢, u,) = cos by = constant. Hence we
can define u,, as:

Uq = COS Yots + SN Yob,, . (3.56)
By using (3.48) and (3.56), we get

(N1,uq) = SINApCoS 1y — oS Yosiny

= constant.

From Definition 2.5 it completes the proof. O

Theorem 3.21. If the surface M; is minimal then
B Tcos[y(u, )] = + sinfy(u, v)]] = ~= [cos[p(u, v)] 2 + sin[¢(u, v)]]. (3.57)

Rp Re Ra Kg

Proof. It is obvious from Definition 2.4 and (3.54). O

Example 3.22. Let o and 3 be curves in [E3 given by

o) = (1 n \“@) (cos [0 (1-+ <)), sin [l 1+ ). 1),

B(U)Z;(v—i— 1402, (v+ V1 +02) " V2In(v + 1+v2))

where « and 3 are curves given by the arc-length parameters u and v, respectively. The binormal
indicatrices of the curve « and 3 are as follows:

b () = \/lg(sin [ (1422 —c0s [In (14-2)], ~sin [1n (1475 ~cos [ 1n (1+¢“§)]72>
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and

b(v)_1<_ 1 v VIHeE V2 )
’ 2\ VI+o2(w+VI+?) V1402 VI

Then the translation surface generated by b, and bg binormal indicatrices of space curves is as:

sin [ 1n (1+5) ] —cos [1n (14 35)

1
NG T2 I+v2 (v+v1402)’
M= | —nln () o[ 30)] ey
V6 2V1+22 7’
2 + V2
V6 T 2V14e?
A,
A
A 10
A
/
05
.'J.' ..".I. ) h"'-_..__..-l:l,D
0s ...' s

Figure 3. Translation surface generated by binormal indicatrices of space curves
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