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ABSTRACT. In this work, we use the formal definition of k-slant helix [5] to
obtain the intrinsic equations as well as the position vector for slant-slant
helices which a generalization of general helices and slant helices. Also, we
present some characterizations theorems for k-slant helices and derived, in gen-
eral form, the intrinsic equations for such curves. Thereafter, from a Salkowski
curve, anti-salkowski curve, a curve of constant precession and spherical slant
helix, as examples of slant helices, we apply this method to find the paramet-
ric representation of some slant-slant helices by means of intrinsic equations.
Finally, the parametric representation and the intrinsic equations of Slakowski

slant-slant and Anti-Slakowski slant-slant helices have been given.
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1. INTRODUCTION

Curves theory is an important branch in the differential geometry studies. We
have a lot of special curves such as geodesics, circles, Bertrand curves, circular
helices, general helices, slant helices, k-slant helices etc. Characterizations of these
special curves are heavily studied for a long time and are still studied. We can see
the applications of helical structures in nature and mechanic tools. In the field of
computer aided design and computer graphics, helices can be used for the tool path
description, the simulation of kinematic motion or design of highways. Also we can
see the helix curve or helical structure in fractal geometry, for instance hyperhelices
1, 8.

A straight line is a geometric curve with the curvature x(s) = 0. A plane curveis a
family of geometric curves with torsion 7(s) = 0. Heliz (circular heliz) is a geometric
curve with non-vanishing constant curvature x and non-vanishing constant torsion
7 which is the simplest example of three-dimensional spirals [2, 6].

General helix (a curve of constant slope) is defined by the property that the
tangent makes a constant angle with a fixed straight line called the axis of the
general helix. A classical result was stated by Lancret in 1802 and first proved by
de Saint Venant in 1845 (see [18] for details) says that: A necessary and sufficient
condition that a curve to be a general heliz is that the function
@

r(s)

is constant along the curve, where xk and T denote the curvature and the torsion,

(1) oo =

respectively.

Izumiya and Takeuchi [11] introduced the concept of slant heliz by saying that
the normal lines make a constant angle with a fixed straight line. They characterize
a slant helix if and only if the geodesic curvature of the principal image of the

principal normal indicatrix

/
og(s)
(2) 1= 3/2
w(s)(1+03(5))
is a constant function.
A family of slant helices with constant curvature but non-constant torsion are
called Salkowski curves; a family of slant helices with constant torsion but non-

constant curvature are called anti-Salkowski curves which introduced in [16, 17]; a
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family of curves of constant precession [14, 15] which characterized by having

K= ﬁsin[u sl, 1= L cos[u ],
m m

where 1 and m are constants and a family of spherical slant helices are the important
examples of a slant helices (see [4, 7] for details).

Recently, Ali [5] defined a new kind of curves which called it a k—slant helices.
He proved that the curve is a k-slant helix if and only if the geodesic curvature of

the spherical image of v, indicatrix of the curve

_ 0y,_1(5)
(3) Ok = 3/2°
Kk(s)\/1+ 02(s)/1+ 03(s) ... (1 + ‘71371(5))
is a constant function, where = M s) = Y(s), go(s) = @ an
tant function, where 1,41 EAB] Yo(s) = ¥(s), oo(s) () d

k € {0,1,2,...}. It is worth noting that, the straight lines, plane curves, general
helices and slant helices are a special subclasses of curves from the family of k-slant
helices.

Here, we give the following important definition:

Definition 1.1. A family of k-slant helices with constant curvature but non-constant
torsion are called Salkowski k-slant helices and a family of k-slant helices with con-

stant torsion but non-constant curvature are called Anti-Salkowski k-slant helices.

In this paper, we will use the definition of k-slant helix [5] and the notation of the
principal-direction curve curve [9] of a Frenet curve to obtain the intrinsic equations
and position vector of slant-slant helices as a generalization of general helices and
slant helices in Euclidean 3-space. Also, we will give the parametric representation
and the intrinsic equations of Slakowski slant-slant and Anti-Slakowski slant-slant

helices.

2. PRELIMINARIES

In Euclidean space E?, it is well known that to each unit speed curve with at
least four continuous derivatives, one can associate three mutually orthogonal unit
vector fields T, N and B which are respectively called, the tangent, the principal
normal and the binormal vector fields. We consider the usual metric in Euclidean
3-space E3, that is,

(,) = da? + da3 + dz3,
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where (21,22, 23) is a rectangular coordinate system of E*. Let ¢ : I ¢ R — E3,
1 = 9(s), be an arbitrary curve in E>. The curve ¢ is said to be of unit speed (or
parameterized by the arc-length) if (¢'(s),4’(s)) = 1 for any s € I. In particular, if
Y(s) # 0 for any s, then it is possible to re-parameterize ¥, that is, o = ¥ (¢(s)) so
that « is parameterized by the arc-length. A unit speed curve v is called a Frenet
curve if 1" (s) # 0, that is, it has non-zero curvature. Let ¢ : I — E* be a Frenet
curve and {¢'(s) = T(s),N(s),B(s)} the Frenet frame along 1, where the vectors
T, N and B are mutually orthogonal vectors satisfying (T, T) = (N,N) = (B,B) =
1. The Frenet equations for ¢ are given by ([10])

T 0 k 0 T
(4) N |=|- 0 7 N |,
B’ 0O —7 0 B

where k and 7 are smooth functions on I called the curvature and the torsion of 1,
respectively. If 7(s) = 0 for any s € I, then B(s) is a constant vector V' and the
curve 1 lies in a 2-dimensional affine subspace orthogonal to V', which is isometric
to the Euclidean 2-space E2.

Firstly, we will introduce a conclusion of the definition of a k-slant helix and

some important results as follows:

Definition 2.1. [5] Let ¢ = 9(s) a natural representation of a unit speed regular
curve in Euclidean 3-space with Frenet apparatus {x,, T, N, B}. A curve 9 is

called a k-slant heliz if the unit vector

_ i(s)
(5) Vpy1 = TABIE ke{0,1,2,..},

makes a constant angle with a fized direction, where ¥y = ¥(s).

From the above definition, we can deduce some important remarks:

(1): The general helix is a 0-slant heliz which the curve whose the unit vector
T(s) (which is the tangent vector of the curve ) makes a constant angle with a
fixed direction.

(2): The slant helix is a 1-slant heliz such that the curve whose the unit vector
N(s) (which is the principal normal vector of the curve v) makes a constant angle

with a fixed direction.
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(3): The slant-slant heliz or 2-slant heliz is the curve whose the unit vector
-T + O'()B

1+ crg
curve is a slant-slant helix if and only if the geodesic curvature of the spherical

makes a constant angle with a fixed direction. On other hand, the

image of 15 indicatrix of the curve v

(©) oy — 1(s) 7

KT+ a6 (1+02)”

is a constant function.

Now, Choi and Kim [9] defined some associated curve 1 of a Frenet curve 1
in E>. We will introduce the conclusion of the notation of notation of the the
principal-direction curve and principal-donor curve and some important results as
follows:

Let V : I — E® be a continuous vector valued function defined on an open
interval I. Then, it is easily seen that an integral curve ¢ :— E3 of V is a unique
up to translation of E3. If V is a unit vector field, i.e., V : I — S2, then we may

assume that the parameter s of ¢ is an arc-length parameter.

Definition 2.2. [9] An integral curve @ of N(s) s called the principal-direction

curve ofz/; and the curve 1/; is called the principal-donor curve of 1.

Theorem 2.3. [9] Let ¢ be a Frenet curve in E® with the curvature & and the
torsion T and ¥ the principal-direction curve of 1/; Then the curvature k and torsion
T are given by

=2

(7) k=Vk2+ 72 and 7= L(i)/

R2+ 72k
Theorem 2.4. [9] If a curve 1[) in B> is a principal-donor curve of a curve v with

the curvature k and the torsion T, then the curvature & and torsion T of the curve

U are given by
(8) R(s) = k(s)| cos (/T(S)dS)\ and 7(s) = k(s)sin (/T(S)dS).

Corollary 2.5. [9] let ¢ be a Frenet curve in E® with the curvature & and torsion
7 and 1 the principal-direction curve of 1& Then it satisfies

T R? ?)/

E_@M#WN%'

(9)
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Definition 2.6. [9] Let ¢ be a principal-direction curve of a Frenet curve 7,/; and 1]1 a
principal-direction curve of@ in E2. Then, v is called a second-principal-direction

curve ofz/NJ and z/NJ a second principal-donor curve of 1.

W P _NadT =N =
ds

—&T +7N. Also,, the principal normal vector field N and the binormal vector field

By the definition of the principal-direction of 1/3,

B of ¢ are given by

N=-——" __Jy4 B
(10) VEZ 4+ 72 ~ VEZ 4+ 72 l
B=TxN=—"__1 A -

T + B
VE2 + 72 V2 + 72

By solving the above equation, we have

K T

11 T=— N +
(11) VRZ 4 72 VR? 472

Then, we have ¢ = [ Tds.

3. POSITION VECTOR OF SOME SPECIAL CURVES

In this section we will deduce the position vector of some special curves such as:

general helix, slant helix and slant-slant helix. Firstly, we give the following remark:

Remark 3.1. We will refer to the position vector of the k-slant heliz by ¥, = Uy(s)
and the Frenet apparatus by {kg, Tk, Tr, Nk, Br}. It is worth noting that g = Uy,

V3. (s)
1 = —E"2 and so on.
W% ()l
3.1. General helices. In this subsection, we study a general helices as principal-
donor curve. A Frenet curve v is said to be a general helix if og = D mis
Ko

a constant. It is well known that a general helix in E® is a geodesic on a general
cylinder and it can be constructed by a plane curve [3, 12, 18].

The following characterization of general helices in E* is obtained from corollary
2.5.

Theorem 3.2. [9] The following are equivalent:
(1): A Frenet curve v is a general heliz in E°.
(2): 4 is a principal-donor curve of a plane curve.

(3): A principal-direction curve of ¢ is a plane curve.
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Theorem 3.2(2) gives a canonical method to construct a general helix from a
plane curve. Let ¥ be a unit speed plane curve. Then, 1 can be expressed by
[1, 13]:

(12) w(s) :/(cos [/H(s)ds},sm [/ﬁ(s)ds],o)ds,

where £(s) is the curvature and the torsion 7(s) = 0.

Then the curve ¥ has the following Frenet vectors as the following:

(cos [fﬁ(s)ds},sin [fm(s)ds},O) = Ny(s),
(13) N(s) = (— sin [f/i(s)ds],cos [fﬁ(s)ds},O),
0

From (7) and (11), we have x(s) = V1 +m2k(s) = %no(s) and
(14) To(s) = %(sin {%/HO(S)dS} , — COS [% /mo(s)ds},m).

If we integrate the tangent vector Ty(s), we get the following theorem:

Theorem 3.3. The position vector Wy of a general helix whose tangent vector
makes a constant angle with a fized straight line in the space, is expressed in the

natural representation form as follows:

(15) Uo(s) = %/ (sin [%/m(s)ds],—cos [%//{O(s)ds},m>ds,

where ko(s) is the curvature of the curve Wy, the quantity m ko(s) = 7o(s) is the

n

torsion, m = n = cos|[p] and ¢ is the angle between the fized straight line

2 )
-n
es (axzis of a general helix) and the tangent vector To(s) = 11(s) of the curve ¥y.
3.2. Slant helices. In this subsection, we study a slant helix in E® as a second
principal-donor curve of a plane curve or a principal-donor of a general helix. The-

orem 3.2 and Corollary 2.5 give a characterization of the slant helices in E® as

follows:

Theorem 3.4. [9] The following are equivalent:
(1): A Frenet curve v is a slant heliz in E°.
(2): o is a principal-donor curve of a general heliz in E.
(3): ¢ is a second principal-donor curve of a plane curve.
(4): A principal-direction curve of ¢ is a general heliz in E.

(5): A second principal-direction curve of ¥ is a plane curve.
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From the construction (19) of a general helix ¥q, we can construct a slant helix
¥, in E®. In fact, from (19), the Frenet frame of 90 is given by:

To(s) = = (sin |2 [ ro(s)ds|, — cos | [ ro(s)ds|,m ) = Ni(s),
(16)  { Nols) = ((cos | [ ro(s)ds|.sin |2 [ ko(s)ds],0),

Bo(s) = n( — sin {% fno(s)ds},cos [% fﬁo(s)ds] , %)
From (7), (11) and (16), we have

Ty = —nfsin [l sin_l[H]} — /1 —=602cos [l sin_l[G]},

n n

1 1
(17) Ti(s) =q T2 =nbcos [f sin_l[ﬁ]] —V1—62sin [f sin_l[ﬁ]],
n n
Tis = 9,
m
where ko(s) = _rls) and 6 = m [ k1 (s)ds. The integration of the tangent vector

V1 — 62
T (s) leads to the following theorem:
Theorem 3.5. The position vector V1 = (Vq1, V19, U13) of a slant heliz whose
normal vector makes a constant angle with a fixed straight line in the space, is

expressed in the natural representation form as follows:
1 1
Uyy=—/ {n@sin [ﬁ sinfl[ﬁ]] + V1 —0?cos [5 sinfl[ﬁ]”ds,
1 1

18 _ Lo 1 - — 07 Lo 1
(18) 2P {L{TLQCOS [n sin [9]} V1 —6?sin [n sin [G]Hds,

\1113 = — f9d57

m

where = m [ k1(s)ds, k1(s) is the curvature of the curve Uy, the quantity T (s) =

mea(s) ] m(s)ds s the torsion, m = LQ,
\/lme(fm(s)ds)2 vV1—n
gle between the fixed straight line es (axis of a slant heliz) and the normal vector
Ni(s) = 1a(s) of the curve ¥y.

n = cos[g| and ¢ is the an-

3.3. Slant-slant helices. In this subsection, we study a slant-slant helix in E?
as a third principal-donor curve of a plane curve or a second principal-donor of a
general helix or a principal-donor slant helix. Theorem 2.4 and Corollary 2.5 give

a characterization of the slant-slant helices in E® as follows:

Theorem 3.6. The following are equivalent:
(1): A Frenet curve v is a slant-slant heliz in E°.

(2): ¢ is a principal-donor curve of a slant heliz in E.
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(3): ¥ is a second principal-donor curve of a general heliz in E.
(4): 1 is a third principal-donor curve of a plane curve.

(5): A principal-direction curve of ¢ is a slant heliz in E.

(6): A second principal-direction curve of 1 is a general heliz in E.

(7): A third principal-direction curve of 1 is a plane curve.

From the construction (18) of a slant helix ¥y, we can construct a slant-slant

helix ¥, in E*. In fact, from (18), the Frenet frame of ¥, is given by:

T1(s) = (T11, T12, T13) = Na(s),
(19) N (s) = To(s),
Bi(s) = T1(s) x Ny(s).

From (7) and (11), we have k1(s) = \/r3(s) + 73(s) and

Ty = —Ki {972 sin[©] + (% + nV/1 - 62) cos[@]},
1
(20) Ta(s) = Ta = % {97’2 cos[O] — (% + nV/1 - 62) sin[@]},
T23 = i(’1'2\/ 1-— 92 — mlﬁlg).
meri

Then the position vector of a slant-slant helix can be written as

Uy =— [ %1 [07’2 sin[©] + (% + nraV1 — 62) cos[@]}ds,
(21)  Wa(s) =4 Uy =] %1 [97’2 cos[©] — (% + nmV/1 — 62) sin[@]}ds,

Wos = [ L(Tg\/l — 62 — mk3) ds,
merq

1
where © = Esinfl[e], 0 = m [Ki(s)ds, ki1(s) = \/Kk3(s)+75(s) and kKa(s) is
n

V1—n2’

n = cos[¢] and ¢ is the angle between the fixed straight line e (axis of a slant-slant

the curvature of the curve Wo, the quantity 7o(s) is the torsion, m =

helix) and the vector

—r2(5)Ta(s) + 2(5)Ba(s)

k5(s) + 73 (5)

= 13(s)

of the curve W,.

4. SOME CHARACTERIZATIONS OF k-SLANT HELICES

In this subsection, we will generalize the results in the above sections as follows:
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Theorem 4.1. The following are equivalent:
(1): A Frenet curve v is a k-slant heliz in E°.
(2): b is a principal-donor curve of a (k — 1)-slant heliz in E°.
(3): 4 is a second principal-donor curve of a (k — 2)-slant heliz in E*.
(4): ¥ is a (k — 1)-principal-donor curve of a slant heliz in E°.
(5): ¢ is a k-principal-donor curve of a general helix in B,
(6): ¢ is a (k+ 1)-principal-donor curve of a plane curve.
(7): A principal-direction curve of ¥ is a (k — 1)-slant heliz in E*.
(8): A second principal-direction curve of 1 is a (k — 2)-slant heliz in E>.
(9): A (k — 1)-principal-direction curve of v is a slant heliz in E°.
(10): A k-principal-direction curve of ¢ is a general heliz in E.
(11): A (k+ 1)-principal-direction curve of ¢ is a plane curve.

As a similar methods as above, we can deduce the position vector of a k-slant
helices in Euclidean 3-space. Here we can write the following result:

From theorem 2.4, we can write the following result:

Theorem 4.2. The intrinsic equations of a (k + 1)-slant heliz V(1) takes the

form

(22)  Kit1(8) = kr(s)|cos (/Tk(S)dS)| and 7x41(8) = ki(s)sin (/Tk(s)ds),
where K, = Ki(s) and T, = T(8) are the intrinsic equations of a k-slant heliz Uy.

From the above theorem we can deduce the intrinsic equations of some special
curves.

(1): When the curve v is a plane curve, then we know that the intrinsic equations
of this curve is k = k(s) and 7 = 0. So that the intrinsic equation of a 0-slant helix

(general helix) ¥q is

(23) ko(s) = ak(s) and 79(s) = br(s),
or in the standard form

(24) Ko(s) = k(s) and 7o(s) = mr(s),

In this case, it is easy to prove that:
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27

where m = % n = cos[¢] and ¢ is the angle between the fixed straight line
(axis of a general helix) and the tangent vector of the general helix.
(2): When the curve ¢ = ¥ is a general helix, then the intrinsic equation of a

1-slant helix (slant helix) ¥y is

(25) k1(s) = k(s)| cos (m/n(s)ds>| and 71(s) = k(s)sin (m/FL(S)dS)7

In this case, we have

o1(s) = 96(5) o

k1 (s)(1+ 03(s))*”

We can solved the above ordinary differential equation and obtained the explicit

relation between the torsion and curvature (intrinsic equations) for a slant helix as

follows:
d
(26) K1 = Kil(s)a T = + m (S) f K/l(S) i 57
\/1 - mz(f m(s)ds)
where m = %, n = cos[¢] and ¢ is the angle between the fixed straight line
—n

(axis of a slant helix) and the principal normal vector of the slant helix.
(3): When the curve ¢ = ¥y is a slant helix, then the intrinsic equation of a

2-slant helix (slant-slant helix) ¥y is

(27) ka2(s) = k1(s)| cos (/Tl(s)ds>| and 7z(s) = k1(s) sin (/ﬁ(S)dS)7

\/1 - m2(fn1(s)ds)2

m

From (40), we have [ 7(s)ds = —

we can write the following lemma:

. Now, from equation (27)

Lemma 4.3. The intrinsic equations of a slant-slant helix takes the form

<\\//1m2(n{/<;1(3)d8) )
1—m2(f/€1(8)ds)2
( m )

(28) ka(s) = k1(s)| cos

To(8) = —k1(s) sin

where k1(s) is an arbitrary function of s.
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Proof: For a slant-slant helix with intrinsic equations (28), we can prove the

quantity oa(s) is constant as the following:

_nls) :_tan(Vl‘m“f“(S)ds)z),

oo(s) = 2(5) -
(o) ob(s) m [ 1(s)ds
ra(s) (1 + o3 (s) \/1—m2 [ k1(s)ds)®
oa(s) = "1(5) = m.

pa(s)V/T+ 03 (14 03(s))*?
Then the proof is completed.

If we substitute (28) in (21), we can write the following important theorem:

Theorem 4.4. The position vector Wy = (Va1,Wao, Uas) of a slant-slant heliz
whose the vector 3 makes a constant angle with a fixed straight line in the space,

is expressed in the natural representation form as follows:

(29)
Uy = % 1l [m sin[®](v/1 — 62 cos[O] + gsin[e)]) — cos[P] cos[@ﬂds,
Wa(s) =4 Wy = % Ik [ m sin (\/1 62 sin[O] — %COS[@]) — cos[P] sin[@]} ds,
Uog = f% (mcos[®] + V1 — 62 sin[®])ds
where & = 1T702, 0= 1 sin= 0], 0 = m [ k1(s)ds, k1(s) is an arbitrary func-
n

tion of s, m = n = cos|[p] and ¢ is the angle between the fized straight

V1—n2’
line e3 (axis of a slant-slant heliz) and the vector ¥s(s) of the curve Ws.
It is worth noting that: the curvature xk3(s) and the torsion 75(s) of a slant-slant

helix ¥y(s) takes the form (28).

5. APPLICATIONS

In this section, we introduce the position vector of some slant-slant helices for
several choices for the curvature k9 and torsion 75 from the curvature x; and torsion

71 of the slant helices.

Example 5.1. If we take the case of a slant helix with

ms

(30) m=b nE e
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which are the intrinsic equations of a Salkowski curve [16] and substituting (30) in

(28), we can deduce the intrinsic equations of a slant-slant helix as the following:

V1 —m?2s? val —m252]

31 =
(31) kg = cos | — -
Substituting (30) and (31) in (29) we have the explicit parametric representation of

], ng—sin[

such curve as follows:

n m? s m? s
Py (s) = om <(n —1) cos[®_] + (T + 1) cos[®, ]

+my/1 — m?2s? ( sin[‘b+] + Sin[‘b])) ds,

m2 S m2
)sin[®_] — (1+

(32)  Wa(s) %) sin[®,]

n

Woo(s) = % I ((1 _
+mv/1 —m?2s?( cos[®_] — COS[(I)+])> ds,

Uos(s) = —% J (mcos [Q] + V1 —m?s?sin [Q])ds,

1 VI —m2s?
where &4 = Q4 — sin~![ms] and Q = voomes
n m
Example 5.2. If we take the case of a slant helix with
ms

V1I—m2s2’

which are the intrinsic equations of anti-Salkowski curve [16] and substituting (33)

(33) K1 = T1 = —1,

in (28), we can deduce the intrinsic equations of a slant-slant heliz as the following:

m s cos|s] m s sin[s]
(34) Ko = ————, Toa= ——F——.
V1—m?2s? V1—m?2s?
Substituting (33) and (34) in (29) we have the explicit parametric representation of
such curve as follows:
(35)

Uy (s) = %f {(\/1 —m2s? —

sin[@_] + (V1 —m2s? + %) sin[® ]

Uos(s) = n(s cos[s] — 2sin[sD7
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where &4 = s + %sirf1 [m

Example 5.3. If we take the case of a slant heliz with
(36) K1 = % cos[us], T = f% sin|p s,

where p is an arbitrary constant, and substituting (36) in (28), we can deduce the

intrinsic equations of a slant-slant heliz as the following:
15 1 P .1

(37) Ko = — cos|u s] cos [— cos[ s]} , T9 = —-— cos[us]sin [— cos|[ 3]} .
m m m m

Substituting (36) and (37) in (29) we have the explicit parametric representation of

such curve as follows:

(38)
oy (s) = | <Sin[u sJsin [ sin [ cosfps]
+2 cos [22] (mcosfshin [ csfus] = cos [ cosl S]D>ds,
Wal) =4 Won(s) = [ < 2 sin [£2] cos {7 coslji ]
+(n cos|yu s] sin [“ns] — sinfp 8] cos % ) sin {7 cos us]} ds,
Was(s) =~ [ (mcos [ coslps]] + cosfus]sin [ cosls]] ).

Example 5.4. If we take the case of a spherical slant helix [7] with

1
K1 = o [sin[Q]} + 1= sin [Sin[g]} )
(39) ) m
- cot[6]

c cos [%M} + /1 — ¢ sin [sirie}} ’

where ¢ is an arbitrary constant and the arc-length parameter is

= / &ry] (c coS [&Wgﬂ} +v1—¢?sin [Sh:rga]}>d9.
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Substituting (39) in (28), we can deduce the intrinsic equations of a slant-slant heliz

as the following:

Ko = rln[&]} +v1= 2 sin {SII;EH]} )
(40)
sin {bin[e]}

¢ cos [sm[ ]} VIS @ i [sm[@]}

m

Substituting (39) and (40) in (29) we have the explicit parametric representation
of such curve as follows:
(41)

Vo (0) = [ [COS[Q] sin [Sin[ﬁ]} n [sjnl [cos[@]w

m n

[ o 2 e 2
sin~? cos[f]
:| COS [H]

n

+£sin [ i COS ] (m sin[6 sm sm[@]} — cos {sin[@]})}d&

Uys(0) = % / (m cos + sin[f] sin [Sm[e]}>ds,

m

sin

d

Va(0) = wan(0) = [ lcos[e] sin[

where

ds = &M (c cos [M} +4/1—¢2sin [smW]}>d9

Remark 5.5. When ¢ =1, the intrinsic equations of a slant-slant heliz (41) takes
the form

(42) ke =1, 79 =—tan {sir;i@]]

We called this curve by a Salkowski slant-slant heliz and the position vector takes

the form (41) such that ds = (%W]) cos [SII;EG]}dg
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Remark 5.6. When ¢ = 0, the intrinsic equations of a slant-slant heliz (41) takes
the form

(43) Ko = cot [Sllﬂ}, Ty = —1.

We called this curve by an Anti-Salkowski slant-slant helix and the position vector
in[6 in[f
takes the form (41) such that ds = (&H) sin [&H}dﬂ.
m m
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