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Abstract: In the present paper, we construct surfaces possessing an adjoint curve of a given space curve as an asymptotic
curve, geodesic or line of curvature. We obtain conditions for ruled surfaces and developable ones. Finally, we present

illustrative examples to show the validity of the present method.
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1. Introduction

Curves and surfaces are at the core of differential geometry. We encounter them in almost every differential
geometry book [3, 10, 14]. Most of the previous work about surface curves focus on how to find them on a
given surface. However, the more relevant problem is to find surfaces passing through a given curve accepting
it as a special curve such as geodesic, asymptotic curve or line of curvature. The first study about this type of
problem was conducted by Wang et al. [13] in 2004. They proposed a method to find surfaces accepting a given
curve as a common geodesic. In 2008, Kasap and Akyildiz [5] generalized the method of Wang and obtained a
larger family of surfaces with a common geodesic. Li et al. [8] obtained conditions on marching scale functions
such that the given curve is a line of curvature on each member of the surface pencil. Surface pencil with a
common asymptotic curve defined by Bayram et al. [2] in 2012. Bayram and Bilici [1] presented constraints for
an involute curve to be an asymptotic curve on a surface pencil. Giiler et al. [4] parametrically expressed offset
surface pencil with a common asymptotic curve.

Beside the Euclidean space, there exist researches about surface pencils in other spaces. Atalay and Kasap
[12] expressed necessary and sufficient conditions for surfaces to have the same curve as a null asymptotic curve
in Minkowski 3-space. Yiizbagi [7] obtained constraints for family of surfaces through a given asymptotic curve
in Galilean 3-space. Saffak et al. [11] presented a method for surfaces with a common asymptotic curve in
Minkowski 3-space. Yoon et al. [15] analyzed a new method for constructing a surface family accepting a given
curve as an asymptotic curve in 3 dimensional Lie group.

In the present study, we obtain conditions for surface pencil possessing an adjoint curve as an asymptotic
curve, geodesic or line of curvature. We give results about ruled surfaces and developable ones. Finally, we

present examples to show the validity of the method.
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2. Preliminaries
This section is devoted to the some basics of differential geometry of curves and surfaces.

Let a: I — R3, s — a/(s) be a unit speed curve. The orthonormal frame {T" (s), N (s), B(s)} is called
the Frenet frame of the curve «, where T'(s), N (s), B (s) are the unit tangent, the principal normal and the

binormal vector fields of «, respectively, and they are defined by

a/l (S)

o (5)]

The curvature « (s) and torsion 7 (s) of a are given by x(s) = ||[@” (s)||, 7(s) = (N’ (s), B(s)). Then the

T (s)=a'(s), N(s) , B(s)=T(s)x N (s).

famous Frenet formula is
T (s)=k(s)N(s), N (s)=—k(s)T(s)+7(s)B(s), B (s)=—-7(s)N(s).

Let a be a unit speed curve in R? with nonvanishing torsion and {7 (s), N (s), B(s)} be its Frenet

frame. The adjoint curve of « is defined as [6]
S
B(s) = /B(u) du.
S0

Theorem 2.1 If « is a curve with arc length parameter s then the arc length parameter of B is also s [9].

Theorem 2.2 Let a be a curve with arc length parameter s and B be the adjoint curve of «. If the Frenet
vectors of a and B are {T'(s), N (s), B(s)} and {T (s), N(s), B(s)}, and the curvature and the torsion
of a and B are k(s), 7(s) and B(s), T(s), respectively, then the following relations hold [9]

T(s)=B(s), N(s)=-N(s), B(s)=T(s), B(s) =7(s), T(s)=r(s).
Remark 2.3 Since curvature of a curve is nonnegative, & (s) should be equal to |7 (s)| in Theorem 2.2.

A curve a in M C R3 is a geodesic of M provided its acceleration o is always normal to M [10]. A
regular curve o in M C R3 is an asymptotic curve provided its velocity o/ always points in an asymptotic
direction, that is, the direction in which the normal curvature is zero [10]. The simplest criterion for a curve in
M to be asymptotic is that its acceleration o’ is always be tangent to M. A regular curve o in M C R? is a

line of curvature provided its velocity o’ always points in a principal direction [10].

Theorem 2.4 A surface curve is a line of curvature if and only if the surface normals along the curve forms

a developable surface [3].

A ruled surface M is one which is swept out by a straight line moving in R3. Thus M has a parametrization
as

M (s,t) = B (s) +t7(s),

where 3 and v are curves in R3 with v never zero. A ruled surface is said to be noncylindrical provided v x +'

never vanishes. The normal and binormal surface of a space curve 3 (s) are defined as

M (s,t) = B (s) +tN (s)
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and

M (s,t) = B (s) + tB (s),

respectively.

3. Surface pencil with a common adjoint curve

Let a be a unit speed curve in R3 with nonvanishing torsion and 3 be its adjoint curve. Surfaces passing

through the adjoint curve are given by parametrically as

{ M (s,t) = B(s)+ f(s,t) T (s) +g(s,t) N (s) +h(s,t)B(s), (3.1)
S1 <5< 8, T <t <T, '

where f (s,t), g(s,t) and h(s,t) are C! functions. Choosing f (s,t0) = g(s,t0) = h(s,tp) =0, Vs we have
B (s) as a parameter curve on M, that is, M (s,tg) = B(s).

The normal vector field of the surface M is given by

oM oM

E(S,t) X E(S,t),

n(s,t) =
where ” x” is the vector product. We calculate

a—]\4(5,15) = B (s)+ % (5,t) T (s) —I—f(s,t)T, (s) + % (5,t) N (s)

+g(s,)N'(s) + 2= (5,8) B (s) + h (5,) B (s)

and
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and

Along the adjoint curve 3 (s) we have

oh

s 10) Bs) - 5

5 s,t0) N (s) . (3.2)

n(s,tg) =

Theorem 3.1 Let o be a unit speed curve with nonvanishing torsion and B be its adjoint curve. [ is an

asymptotic curve on the surface pencil in Eq. (3.1) if

f(s,t0) =g (s,to) = h(s,tg) = %? (s,t9) =0 # % (s,to), (3.3)
S1 <5< 8y, T <t, tog <, (to fived). ’

Corollary 3.2 The surface pencil given by

{M(Svt):ﬁ(3)+(t—to)T(5)+(t—t0)N(5)7 (3.4)
Sl S S S SQ, T1 S t, to S TQ, (to fZIGd) ’

is a ruled surface accepting f as a common asymptotic curve.
Corollary 3.3 The ruled surface given by Eq. (3.4) is not developable.
Corollary 3.4 The ruled surface given by Eq. (3.4) is noncylindrical.

Theorem 3.5 Let o be a unit speed curve with nonvanishing torsion and [ be its adjoint curve. Surface pencil

given by Eq. (3.1) is a normal surface accepting B as a common asymptotic curve if

f(s,t) =h(s,t) =0, g(s,t)=1t—to, (3.5)
Sl <s< SQ, T1 < t, to < T27 (t() fmed) ’

=

Corollary 3.6 The normal surface given by Eq. (3.5) is not developable.

Corollary 3.7 The normal surface given by Eq. (3.5) is noncylindrical.
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Corollary 3.8 The metric of the normal surface given by Eq. (3.5) depends only on the curvature of the
adjoint curve B (s).

Theorem 3.9 Let a be a unit speed curve with nonvanishing torsion and 3 be its adjoint curve. [ is a geodesic

on the surface pencil given by Eq. (3.1) if

f(S,t()) :g(S,to) = h(S,to) = % (S7t0) =0 % % (SatO)a (3 6)
S1 <5< 8y, Ty <t, tg < T, (to fived). .

Corollary 3.10 The surface pencil given by

{M(Svt)—ﬂ(S)Jr(tto>T(5)+(tto)B(5)7 (37)
S1 <5< 8, Ty <t, to <Th, (to fived), ’

1s a ruled surface accepting § as a common geodesic.
Corollary 3.11 The ruled surface given by Eq. (3.7) is noncylindrical if and only if ® (s) #7 (s), S1 < s < Ss.

Corollary 3.12 The necessary and sufficient condition that the ruled surface given by Eq. (3.7) to be a

developable surface is that the curvature and the torsion of the adjoint curve are equal.

Corollary 3.13 The metric of the ruled surfaces given by FEq. (3.4) or (3.7) depends only on the curvature

and torsion of the adjoint curve 8 (s).

Theorem 3.14 Let a be a unit speed curve with nonvanishing torsion and 8 be its adjoint curve. Surface

pencil given by Eq. (3.1) is a binormal surface accepting 5 as a common geodesic if

f(S,t)ZQ(S,t)EO, h(87t>:t_t07 (38)
S1<s< 8y, Th <t, tog < Ty, (to fized). '

Corollary 3.15 The binormal surface given by Eq. (3.8) is not developable.
Corollary 3.16 The binormal surface given by Eq. (3.8) is noncylindrical.

Corollary 3.17 The metric of the binormal surface given by Fq. (3.8) depends only on the torsion of the
adjoint curve B (s).

Theorem 3.18 Let a be a unit speed curve with nonvanishing torsion and [ be its adjoint curve. B is a line

of curvature on the surface pencil given by Eq. (3.1) if

f (S7t0) = g(S,to) = h(87t0) = 07
8¢ (s,t0) = p(s)sinf (s), G (s,t0) = —pu(s) cos 6 (s) '

S1 <5< 8y, Ty <ty tg < Ty, (to fived).
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Proof Let m(s) be an orthogonal vector field to the adjoint curve S (s).Then we can write
7 (s) = cosf (s) N (s) +sinf (s) B (s),

where 6 (s) is the angle between 7 (s) and the principal normal vector field N (s) of the adjoint curve
B (s). According to Theorem 2.4, [ (s) is a line of curvature on the surface given by Eqn. (3.1) if and

only if 7 (s) ||n (s,to) and the ruled surface
X(Sat) = 6(8) +tﬁ(8) 751 <s< SQa
is developable. Using Eq. (3.2) we have

7 ) I s 10) 5 29 (s, 10) = (5) sin (5),, (s, 10) = —p1 (5) s )

and X (s,t) is developable if and only if det (3’ (s),7 (s),7 (s)) = 0. Since

det (B’ (), 7 (s), 7' (s)) =0 (s) + 7 (s),
we obtain

det (8 (s) .7 (s), 7 (5)) = 0 < 0 (s) = —/ﬂ(s)ds,

which completes the proof. O

4. Examples

Example 4.1 Let us take the unit speed heliz «(s) = (a €08 —===, asin \/a;+b2, \/al;ib2> with radius a > 0.

The Frenet apparatus of « are

— 1 : s s
T(s)= e (—asm == COS \/a2+b2,b),

N(s) = (— cos /= 23+b2,—sin NG ;+b2’0) ,
B(s) = \/a21+b2 (bsm\/ T —bcos w,a ,
b

K (S) = a2+b2’ T (8) = a2+b2 "

The adjoint of « is B (s) = (—bcos = —0sin ==, \/a‘;j_b2>

{T(s)=B(s), N(s)=—-N(s), B(s)=T(s)}. Choosing a = b =1, f(s,t) =0, g(s,t) = st,h(s,t) =

t2, to =0 we obtain the surface

and its Frenet frame is

M(s,t) = B(s)+[f(s,)T(s)+ )+ h(s,t) B(s)

g(s:t)
V2 V2
PR

N (s
((st —1)cos g

(s t—l)sm—s—i—t

V2 W2 N2 V2
5 5 23,2(s+t2)>,
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0<s<2 —1<t<1, satisfying Eq. (3.3) and accepting the adjoint curve B (s) as an asymptotic curve
(Figure 1).

For the same curve choosing f (s,t) =0, g(s,t) =t h(s,t) = st, to =0 yields the surface

+f(5,)T(s)+g(s,t) N(s)+h(s,t) B(s)

M(s,t) = B(s)+ f( $
= ((t2 —1) cos Qs - stﬁ sin ﬁs,

2 2 2

sin 5 + stT co8 ==, 73(5 +1)

0 1)ain Vg 2 g V2, V2 )

0<s<2 —1<t<1, satisfying Eq. (3.6) and passing through the adjoint curve B (s) as a geodesic (Figure

2).

Lz s
7> —
N T e =
N =

Figure 1. A member of the surface pencil accepting the  Figure 2. A member of the surface pencil accepting the
adjoint curve 8 (s) (red in colour) as an asymptotic curve.  adjoint curve §(s) (red in colour) as a geodesic.

Choosing 0 (s) = — [k (s)ds = =%, pu(s) =1, f(s,t) =0, g(s,t) = —tsin(5),h(s,t) = —tcos (%), to =

1655



ERGIN BAYRAM/Turk J Math

0 Eq. (3.9) is satisfied and we get the surface

M (s,t) = B(s)+f(s5,t)T(s)+g(s,t)N(s)+h(s,t)B(s)

= tﬁsinﬁs—l—tsinf cos@s
B 2 2 2 2 7

V2 V2 s V2

.S .
(—1 — tsin 5) sin 75 — tT CcoSs 3 CcOS 757

g(s —tcosZ)) ,

—1<s<1, 0<t<1 possessing the adjoint curve §(s) as a line of curvature (Figure 3).
Taking f (s,t) =h(s,t) =t, g(s,t) =0, to =0 we get the developable surface

M (s,t) = B(s)+f(s5,t)T(s)+g(s,t) N (s)+h(s,t)B(s)
= (cos\fs,sin?s,\fs+\f2t>,

—1<s<1, 0<t<1 satisfying Corollary 3.12 and accepting the adjoint curve B (s) as a geodesic (Figure 4).

I ”NW\\\\\\\\\\\\\\\\\

Figure 3. A member of the surface pencil accepting the  Figure 4. Developable surface accepting the adjoint curve
adjoint curve 8 (s) (red in colour) as a line of curvature. B (s) (red in colour) as a geodesic.
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Letting f (s,t) = g(s,t) =t, h(s,t) =0, tc =0 Eq. (3.4) is satisfied and we obtain the ruled surface

M (s,t) = B(s)+f(s5,t)T(s)+g(s,t)N(s)+h(s,t)B(s)
= ((t—l)cos?s—i—t?sin?s,

(t — 1) sin =5~ t— cos —s, —(t + s)

V2 V2 V2 V2
2 2 2T

—1<s<1, 0<t<1 possessing the adjoint curve ((s) as an asymptotic curve (Figure 5).
Choosing f (s,t) = h(s,t) =0, g(s,t) =t, to =0 Eq. (3.5) is satisfied and we obtain the normal surface

M(s,;t) = B(s)+[(s)T(s)+9g(s,t)N(s)+h(st)B(s)
— ((t—l)cos?&(t—l)sin?s,\éis)

—2<s<2, —2<t<2 possessing the adjoint curve 5 (s) as an asymptotic curve (Figure 6).

N

X
NI
&,/////ﬂn‘\“\;

ST
X

i

Figure 5. Ruled surface possessing the adjoint curve 8 (s)  Figure 6. Normal surface accepting the adjoint curve
(red in colour) as an asymptotic curve. B (s) (red in colour) as an asymptotic curve.

If we take f(s,t) =g (s,t) =0, h(s,t)=t, toc =0 Eq. (3.8) is satisfied and we get

M (s,t) = B(s)+f(s5,t)T(s)+g(s,t)N(s)+h(s,t)B(s)
) Vi VB V3
= | —oosGs — - sin s,
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—2<s<2, —2<t<2 as a binormal surface possessing the adjoint curve 3 (s) as a geodesic (Figure 7).
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Figure 7. Binormal surface possessing the adjoint curve §(s) (red in colour) as a geodesic.
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