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ABSTRACT. In this paper, we introduce new adjoint curves which are associated curves in Euclidean space of three
dimension. They are generated with the help of integral curves of special Smarandache curves. We attain some
connections between Frenet apparatus of these new adjoint curves and main curve. We characterize these curves in
which conditions they are general helix and slant helix. Finally, we exemplify them with figures.
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1. INTRODUCTION

In differential geometry, one of the primary study area is the curve theory in 3-dimensional Euclidean space E* or
other special spaces. The geometric properties of curves are described by the help of calculus of differentiation and
integral. Curves are used in computer graphics and industry, in roads and railways as methodical bends, in canals to
carry through pronged change of direction. They are also rolled in the vertical plane at all changes of stage to prevent
the rapid change of stage at the apex. So, determining new types of curves attaches great importance.

Since helices can be seen in many of areas, the most common way of characterizing curves is to figure out whether
they are general helix, cylindrical helix or slant helix. A curve which is a helix in E? is defined via the feature that
its tangent vector field constitutes a constant angle with a fixed direction. Lancret’s theorem proves a helix as the
proportion of its torsion and curvature is constant [13]. Helix was generalized by Hayden in [9]. Then by the help of
Killing vector field through a curve, general helix was defined in real space form of three dimension and in this space
form Lancret Theorem was given again for general helices by Barros [3]. Characterizations for a curve which is non-
degenerate general helix in terms of its harmonic curvature were given by Camci et al in [4]. A new helix type which
is named as slant helix was defined by Izumiya and Takeuchi in Euclidean 3-space [10]. They described it that it is a
curve whose principal normal vector field makes a constant angle with a fixed direction. They also characterized slant
helix with constant geodesic curvature function of the principal image of the principal normal indicatrix [11]. Another
example to classification of curves is associated curve (direction curve, adjoint curve or conjugate mate ) which is
defined by taking integral of a vector field created by one of a given curve’s Frenet vectors. Adjoint curve (or conjugate
mate ) is defined by the help of integral of binormal vector of a curve with any parameter s, in [5-7, 14]. A particular
solution to a differential equation or system of equations describes a curve which is parametrized. This curve is called
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an integral curve. In case of X is a vector field and () is a parametric curve, the solution of the differential equation
a’'(t) = X(a(?)) imputes an integral curve of X.

Smarandache curves are curves which are included in Smarandache geometry. In [18], Smarandache curves in
Minkowski space E‘l‘ were described as; Frenet frame vectors on other regular curve constitute the position vector of
it. Also they determined a special case of this type and called it Smarandache 7B, curve. Then, in [2] the author
introduced special curves by Frenet-Serret vector fields in Euclidean space which are called Smarandache TN, NB and
T NB curves. Smarandache curves in reference to Darboux frame in Minkowski space of 3-dimension were investigated
in [1]. They used the known relation between the Darboux and Frenet frame to research special Smarandache curves
of timelike curve which is on timelike surface. Additionally the studies of this type of curve can be found out in
literature [8, 12, 15-17].

Motivated by these ideas, in this work we study new adjoint curves by combining special Smarandache curves and
integral curves. We call these new curves 7 N-adjoint curve, T B-adjoint curve, NB-adjoint curve and 7'N B-adjoint
curve. We establish some relations between a Frenet curve and these curves. Additionally, we obtain necessary and
sufficient conditions for these curves to be general helix and slant helix.

2. PRELIMINARIES

In this part, some basic terms are recollected in relation to differential geometry of space curves in Euclidean space
BE.

Let o : I — B3 be a regular curve and the Frenet frame of « be {T, N, B}. ||’ (s)|| = 1 if and only if the curve a
is a unit speed curve (or has arc-length parametrization s). For a unit speed curve a; T(s) = a’(s) is called the unit
tangent vector of a. «(s) = ||a@” (s)|| denotes the curvature of @ which measures the amount by which the curve deviates
from being a straight line. The unit principal normal vector N(s) of a is given by @”'(s) = k(s)N(s). The unit binormal
vector of a is defined by the vector B(s) = T(s) X N(s). Then, the famous Frenet formula is given as [13]:

T'(s) = «k(s)N(s),
N'(s) = —k($)T(s)+1(s)B(s),
B'(s) = -1(s)N(),

where 7(s) is the forsion of @ and it measures the amount by which the curve deviates from a plane.
The Frenet vectors of an arc-length parametrized curve @ can be computed as:

T(s) = a(s),
a’(s)
N = s 2.1
() " (s)l 1)
B(s) = T(s)xXN(s).

The curvature and torsion of « are calculated respectively by:
lle (s) X " ()|

lo (o)1
det(a’(s)," (). (5))

lla’(s) x @ (s)II*

T(s) =

A curve is given the name general helix where the angle between its tangent lines and a fixed direction is constant.
This fixed direction is called the axis of the general helix. Lancret expressed the characterization of helix in 1802, that

a curve is a general helix if and only if the harmonic curvature or the ratio — is constant, with x # 0. The general helix

is called circular helix if both k # 0 and 7 # 0 are constants [13].
A slant helix which is defined in [11] has constant geodesic curvature function of the principal image of the principal
normal indicatrix. This constant function is given by

2 ’
o(s) = (K—z (f) ](s). 2.2)
(k2 +712)2 \K
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The Darboux vector of an arc length parametered curve « : I — E? is given by
W(s) = 7(s)T(s) + x(s)B(s), 2.3)

where T and B are tangent and binormal vectors, « is the curvature and 7 is the torsion of @. The vector of angular
velocity is described with Darboux vector. When an object moves along a curve, a rotation and translation vector depict
its motion. This rotation vector is the Darboux vector.

A curve « : I — E" with arc length which has the curvature ¥ # 0 and non zero second derivative is called Frenet
curve.

Definition 2.1 ( [14]). Let a be s arc length parametrized regular curve with nonvanishing torsion and {7, N,, B,} is
the Frenet frame of a. The adjoint curve of « is defined as

s

B(s) = f B, (s)ds.

5o

Definition 2.2 ( [2]). Let a be s arc length parametrized regular curve with nonvanishing torsion and {7, N, B,} is
the Frenet frame of . Smarandache TN, NB, TNB curves are defined by:

1
= —Te+ N,
B \/5( + No)
1
= —(Ny+B,),
4 \5( + By,)
yo= L(Ta + Ny + B,),

V3

respectively.

Remark 2.3 ( [5]). Let @ be s arc length parametrized regular curve and g be the adjoint curve of @. Since 3 is the
integral curve of @, one can take the adjoint curve’s () arc-length parameter s as s = s.

Therefore, in the following sections, we will make calculations based on this remark.

3. New Apjoint CURVES IN B3

In [2], the author introduced that an arc length parameterized curve in E> is called Smarandache curve whose
position vector is generated by Frenet frame vectors on another regular curve.

In this respect,we adapt this definition to regular curves as the integral of Smarandache curves in the Euclidean
3-space in such ways that:

Definition 3.1. Let a : I — E? be a Frenet curve with Frenet-Serret apparatus {T,, Ny, By, Ko, To}. TN-adjoint curve,
T B-adjoint curve, N B-adjoint curve and TN B-adjoint curve of « are defined by:

b= ) @enoas G.1)
Yy = %f(TﬁBa)ds, (3.2)
¢ = %I(Naﬂ%)ds, (3.3)
vo= %f(TfﬁNfﬁBa)ds, (3.4)

respectively.
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3.1. TN-Adjoint Curve.

Theorem 3.2. Let « be arc length parametrized regular curve in E? with Frenet-Serret apparatus {Ty, Ny, By, Ko Ta}
and B be T N-adjoint curve of a. The Frenet vector fields, curvature and torsion of B are given by

1
Tﬁ = % (To + No),
1
Nﬁ = (_T0+Na+fBa)s
2 + f2
1
By = ————=(fTy— fNo+2B,), 3.5)
412/
1 [
Kﬁ = %KQ 2 +f2,
L, V2f
T = —F=Ta s
A NPT
where f = E.
Ko

Proof. By differentiating equation (3.1) and using Frenet formulas, we compute

1
_(Ta+Na/)’
V2

1
KRG

In order to obtain the principal normal vector and the curvature of 3, we have

B (s)

(T + No).

, 1
Ty = — (—KkaTo + KeNo + ToBo) -

V2

Then by using equation (2.1) and definition of curvature, we obtain them as:
, 1
Kg = ”TB“ = @ 262 + T2

1
Ng = ———=(—koTq + koNo + ToBo) .

2 2
V25 + 75

and

Beside this, we express

1 1
TgXNg=— (Ty+Ny) X ———— (—ko Ty + kgNy + ToBy) .
SR N
Thus, the binormal vector is

1
BB =—— (T(YT(Y = ToNo + 2K, B,) .

VA2 + 272
In order to find the torsion of B, we differentiate Ny and use the relation 75 = (N, Bg). Then, we have

’

5= \erm ﬁzf())

Ko

Assuming f = = and arranging the expressions,we reach the result. O

The following two corollaries are consequences of Theorem 3.2.
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Corollary 3.3. Let a Frenet curve a : I — E? be general helix. Then, the Darboux vectors of both a and T N-adjoint

curve of a are equal.

Proof. Let 8 be T N-adjoint curve of @. By using equations (2.3) and (3.5), we have

Wg 75(5)Tp(s) + kg(s)Bg(s)

1 V2f

1
(@Ta + rfz] (@ (Tq + No)
(fTa _fNar + 2B0)]

1 1
— kA2 + || ——
+(\/§K +f)[\/4+2f2

Then, we make some appropriate calculations, and get

Wp

To($)To(5) + Ko (8)Bo(s) +

W,B = Wa (Ta + Na)-

+—
2+ f2

2+ f2

In the last equation since a is general helix, we have f = 0 which means the Darboux vectors of @ and j are equal. O

Corollary 3.4. Let a Frenet curve a : I — B3 be general helix. Then, TN-adjoint curve of « is general helix.

Proof. If we compute the quotient of the torsion and curvature of 7' N-adjoint curve of @ which are in Theorem 3.2, we

have

) V2f

ATy
Kp %Ka V2 + f2
Assuming that @ is general helix, then f* = 0. So, we get
v__f

. T .
which means é 1S constant.

3.2. TB-Adjoint Curve.

Theorem 3.5. Let « be arc length parametrized regular curve in E? with Frenet-Serret apparatus {Ty, Ny, By, Ka» Ta}

and y be T B-adjoint curve of a. The Frenet vector fields, curvature and torsion of y are given by

1
T, = @ (To + Ba) s
Ny = Ny,
1
By = % (=T + Bo),
1
Ky = %Ka/ (1 _f)9
1
T, = —k(1+f).

V2

(3.6)

Proof. The relation between Ferret-Serret invariants of 7'B-adjoint curve and a can be easily obtained by using equation

(3.3) and Frenet formulas of a.

Corollary 3.6. The Darboux vectors of a Frenet curve o : I — E? and T B-adjoint curve of a are equal.

O
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Proof. Lety be T B-adjoint curve of a. By using equations (2.3) and (3.6), we have
W, = 1,(9)T,(s) + k,(5)B,(s)

_ (\%K (1+ f)) (\% (T, + Ba)) " (%K (1- f)) (% (=T, + B(,)).

Then, we make some calculations and get
W, = 7o()Ta(s) + Ka(8)Bo(s) = W,.
Corollary 3.7. A Frenet curve « : 1 — B3 is general helix if and only if T B-adjoint curve of « is general helix.

Proof. If we compute the quotient of the torsion and curvature of T B-adjoint curve of @ which are in Theorem 3.5, we
have

Lk (14 )

T,
K‘}/ %Ka (l - f)
CEY))
a-pn
Thus, in all cases where the value of the f is not equal to one; if f is constant, the result is apparent. m]

Corollary 3.8. A Frenet curve a : I — B3 is a slant helix if and only if T B-adjoint curve of « is a slant helix.

Proof. In the face of equation (2.2), the geodesic curvature function of the spherical image of the principal normal

indicatrix of vy is given by:
K2 T ’
6y =—"— |2
v (k2 +72)2.(K ) '
y Ty Y

We take into account that «, = ==, (1 — f) and 7, = —=«, (1 + f), then put these equations in expression of §,.
y 1 y N3 p q p y

Therefore, we clearly find 6, = &,. |

Corollary 3.9. A Frenet curve « : I — E? and T B-adjoint curve of a are Bertrand mate curves.

Proof. From equation (3.6), we found that N, = N,, which means the principal normal vector fields of « and T B-
adjoint curve of « are linearly dependent. So, they are Bertrand mates. O

3.3. NB-Adjoint Curve.

Theorem 3.10. Let « be arc length parametrized regular curve in B> with Frenet-Serret apparatus {Ty, Ny, Ba, Ka» Ta)
and { be NB-adjoint curve of a. The Frenet vector fields, curvature and torsion of { are given by

1
E (No + Bo)

1
VI+2f2
1
B; = ———=2fT,~Na+Ba), (3.7)

eap

T( =

(_Ta_fNa+fBa),

1 f
Kév = %Ka, 1+ 2f2,
1 ,
T = —F—=Kot \/E !

NG 1+277

Proof. The relation between Frenet-Serret invariants of NB-adjoint curve and « can be easily obtained by using equa-
tion (3.3) and Frenet formulas of a. |
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Corollary 3.11. Let a Frenet curve a : I — B3 be general helix. Then, the Darboux vectors of both a and N B-adjoint
curve of a are equal.

Proof. By using equations (2.3) and (3.7), we have
Wy T ()T (s) + k7(8)Bs(5)

(e o (g e )

1 1
—ko+J1 +2f2|| — 2fT. - N, + B,)|.
+(«/§K ’ f)(\/2+4f2(f ’ )]

Then, we make some appropriate calculations and get

’

f

Wy = 7o()Ta(s) + Ko (5)Ba(s) + 3272 (Ng + By)
_ S
W, = Wo+ 1+2fz,(Na+Ba).

In the last equation since « is general helix, we have f = 0 which means the Darboux vectors of @ and £ are equal. O
Corollary 3.12. Let a Frenet curve « : I — E3 be general helix. Then, NB-adjoint curve of a is general helix.

Proof. 1f we compute the quotient of the torsion and curvature of NB-adjoint curve of @ which are in Theorem 3.10,
we have

1 !
T Bl + \'/§1+2f2

Ko L NT+2f

Assuming that « is general helix, then f’ = 0. So, we get

T{ _ 1
K¢ V1 +2f2
which means Z—j is constant. a

3.4. TNB-Adjoint Curve.

Theorem 3.13. Let a be arc length parametered regular curve in E* with Frenet-Serret apparatus {Ty, Ny, Ba, Ka» Ta)
and ¥ be TN B-adjoint curve of a. The Frenet vector fields, curvature and torsion of W are given by

1
Tw = % (Ty + Ny +B,),
1 1
N, = ——(_Ta+(1_f)Na+fBa),
' V2 1= f+f2
1 1 Qf-1T,
B, = ——1 , (3.8)
6 Viefr e\ —U+ NN +C2=f)B,
6
Ky = T\/_K(Mll - f+f2
1 V3 f
Ty, = —ke(l+f)+ ——"7.
RS 2(0-7+7
Proof. The relation between Frenet-Serret invariants of 7N B-adjoint curve and @ can be easily obtained by using
equation (3.4) and Frenet formulas of a. O

Corollary 3.14. Let a Frenet curve « : 1 — E? be general helix. Then, the Darboux vectors of both a and T N B-adjoint
curve of a are equal.
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Proof. By using equations (2.3) and (3.8), we have

Wy = 1y()Ty(s) + ky(5)By(s)
(1 Vi f
- (e Tl w)

V6 1 Qf-1T,
*(T?*“ fz‘f+1](¢-v77—7:—(-—a+;ﬂA@+(2 f)Ba)

Then, we make some appropriate calculations and get

’

_
2(F-f+ 1)

(Ty + Ny + By).

Wg

To($)To () + Ko (5)By(s) + (Tq + No + By)

v

__r
2(7-1+1)

In the last equation since « is general helix, we have f* = 0 which means the Darboux vectors of @ and i are equal. O

W, +

Corollary 3.15. Let a Frenet curve a : [ — B3 be general helix. Then, TN B-adjoint curve of a is general helix.

Proof. If we compute the quotient of the torsion and curvature of 7N B-adjoint curve of @ which are in Theorem 3.13,
we have

- Sa (14 )+ B s
Ky L NT=F+ 12
Assuming that @ is general helix, then f* = 0. So, we get
v _ 1 d+f

. T, .
which means ﬁ 1s constant. a

Example 3.16. Consider the unit speed curve a : (-, 1) — E>given by
cos (3s) . sin(3s) 2cos(s)
,sin(s) + , = .
V3

3
a(s) = 1 (cos (s) + 9

The tangent, principal, binormal vectors, the curvature and the torsion were found in [7]. Now let’s find TN, TB, NB,TNB
adjoint curves of @. By using the definitions of these curves, we obtained respectively;

| 4 cos (s) + 5 cos (3s) — ¥3 3 §in 2s),
B(s) = % 1 sm(s) + 12 sin (3s) + T‘F cos (2s), |+ (c1,c2,c3),
__2cos(s) s
Vi 2
X 2 cos(s) + 112 cos (35) + 2 sin (s) — &5 sin (3s),
y(s) = 7 sin(s) + 4 5 8in (35) — cos (s) + =5 (S) +(c1,¢2,C3),
2 zci’%(” + T‘f sin (s)
—T‘F sin (2s5) + 4 sin(s) — 5 sin (3s),
{(s) = @ i cos (2s) — cos (s) + s (Y), + (c1,¢2,€3),
i sin(s) + 3
4 cos (s) + 15 cos (3s) + ¥3 3 §in 2s) + 4 sin (s) 13 8in (3s),
W(s) = @ 2 s1n (s) + 35 sin (3s) + i cos}Zs) + =5 (‘) —cos(s), + (c1,02,03),
_ 2cos(s)

= +35+ —sm(s)
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where ci, ¢y, c3 are constants. The curve o and TN, TB, NB, TNB adjoint curves of @ are shown in the following
computer generated graphs. In the graphs, red, green, yellow, blue and purple curves indicate o, TN, TB, NB, TNB
adjoint curves of a, respectively.

In Figure 1, we have shown « and the T N-adjoint curve of . In Figure 2, we have shown « and the T B-adjoint

curve of @. In Figure 3, we have shown a and the NB-adjoint curve of @. In Figure 4, we have shown « and the
T N B-adjoint curve of «. In Figure 5, we have shown @ and the adjoint curves of a.

=05

Ficure 1. @ and the TN-adjoint FiGure 2. a

and the 7 B-adjoint
curve of @

curve of
-0.5
0.5

Ficure 3. @ and the NB-adjoint FiGUre 4. @ and the T NB-adjoint
curve of « curve of @
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FIGURE 5. « and its adjoint curves of «

4. CONCLUSION

In this study, we construct new adjoint curves by combining special Smarandache curves and integral curves. We
call these new curves T N-adjoint curve, T B-adjoint curve, NB-adjoint curve and 7N B-adjoint curve. We establish
some relations between a Frenet curve and these curves. Furthermore, the idea analyzing the trajectory ruled surfaces
that are examined with the help of new adjoint curves which still is an open problem.
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