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ABSTRACT. In this paper, a new class of curves is called binormal curves are
introduced. Here,we calculate the Frenet vector fields of binormal curves and
using them give the curvature and torsion of such curves. Also, we provide
some examples of binormal curves in Euclidean space R3.

1. INTRODUCTION

Curves are the most important tools for elementary differential geometry. In
the study of fundamental theory and characterization of space curves, the calcu-
lation of the curvature function, the torsion function and Frenet frame are very
interesting and important problem in three dimensional space. So there are many
articles on curves in the literature. In [1], the authors investigate the quaternionic
Bertrand curves in Euclidean 3—space. In the papers [2,8], the curve theory in
Galilean space is investigated. Further studies about curves and its applications
are found in [3,4,5,9]. In addition to these, the motion of parallel curves in Eu-
clidean 3—space is given in [7]. Goziitok, Coban and Sagiroglu [6] are study the
classical differential geometry of curves with respect to conformable fractional de-
rivative. In [7], Aldossary and Gazwani defined the notion of parallel curve based
on binormal vector and calculated the Frenet frame of such a curve. Then, in [11]
Sagiroglu and Kose defined the notion of normal curve based on normal vector and
gave some properties. Inspried by [11], in this paper we introduce a new class of
curves which is called binormal curves. Here we study the Frenet frame of such
curves and then calculate the curvature and torsion of binormal curves in Euclidean
space R3. Also, we provide some examples of binormal curves. The definitions of
curvature, torsion and Frenet frame of a curve is given in [10].

2. PRELIMINARIES

Let a : I — R3 be a unit speed curve , so |[a/(s)|| = 1 for each s in I. Then
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T = o' is called the unit tangent vector field on «. Since T has constant lenght 1,
its derivative 7" = o' measures the way the curve is turning in R2. Differention
of T.T = 1 gives T' always orthogonal to T. The lenght of T” gives a numerical
measurement of the turning of a. The function &(s) = ||T"(s)| for all s in I is
called the curvature function of «. The unit vector field N = % on « is called
the principal normal vector field on «. The vector field B = T x N is called the
binormal vector field of . The vector fields T, N, B are called the Frenet frame
field of a. Also, it is clear that the torsion function 7 of « satisfies B’ = —7N such
that the torsion function 7 measures twisting of a.

Theorem 2.1. [10] If a : I — R3 is a unit speed curve with curvature k > 0 and
torsion T, then

T = kN,
(2.1) N' = —kT + 7B,
B' = —7N.

Theorem 2.2. [10] Let o be a regular curve in R3. Then

/ / X "
= 7a 7_B = 7a @ 7]\[ = B X T
[l lla’ > a”||
(22) /I|| Oé/ X Oé//.O/N

e x

3
[l

Sl xar)t
3. THE CURVATURE FUNCTION, THE TORSION FUNCTION AND FRENET FRAME
OF A BINORMAL CURVE

Definition 3.1. Let o be a unit speed curve in R? and ¢(s), n(s), b(s) be its Franet
frame in a point a(s). Including k to represent a real number constant, binormal
curve of the curve « is defined as

(3.1) ap(s) = a(s) + kb(s).

Now let us consider the binormal curve of a curve a having the equation (3.1).
Let be s3 be the arc lenght function of this curve. So, the unit tangent vector of
the curve ay(s) has the form;

(3.2)

do ds ds ds
ty (83) = :

s (s3) Tss (t(s) + kb'(s)) (53)-03783 = (t(s) — kt(s)n(s)) (53)~d783~
If we take the dot product with ¢ of both sides;
ds
. tyt = — = 0
(3.3) b s cos

is obtained, where 6 is the angle between the vectors ¢; and t. If it is multiplied
both sides of this equation by the vector b, we get the equation

(3.4) ty.b=0.

This shows that the vectors ¢, and b are orthogonal. Multiplying both sides by the
vector n
ds

(3.5) ty.n = —kT(s)d—S3
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is found. If the norm of both sides of the expression #;(s3) is taken, we get

o)l = (66) = kroim(s)) 4 | = 6) = koo 5o
(36) ds X 1 ds ?1)
= B 4(s) — br(smlN]F = 2 (14 k(e

S3 S3

Then since ||t5(s3)]| = 1,

by _ e
. p— 1 2 2
(3.7) Is + k272(s)
and from here

(3.8) ds !

ds3 V14 E272(s)
is obtained.

If it is taken as t, = n, from the derivative of the vector t;(s3) with respect to s,
then in according to Frenet formulas

ds
.d83

is found. If we substitute the expression for sts in here, we get

—r(s)t(s) + 7(s)b(s)

(3.9) rpny = (—r(s)t(s) + 7(s)b(s))

(8.10) e = 1+ k2r2(s)
If we take the dot product of this vector with itself,
(3.11)
1
KpNy.KpMp = Ko = 7220 (—k(8)t(s) + 7(s)b(s)) . (—r(s)t(s) + T(s)b(s))
_ KA(s) +T2(s)
14 k272(s)

is obtained. Principal normal vector and binormal vector of binormal curve of the
curve « are

—r(s)t(s) + 7(s)b(s)

kpy/ 1+ k272(s)

by =ty % 1y — (t(s) - kT(S)ﬂ(S)) " (—m(s)t(s) + T(s)b(s)>

(3.12) np =

and

(3.13) 1+ k?72(s) kpy/1 + k272(s)
7; —k72(s)t(s) — T(s)n(s) — kr(s)T(s)b(s
= Ty () — T(sn(s) — k() 7(s)h(s)

respectively.

Now let us determine the Frenet frame of the curve a;(s) in terms of the Frenet
frame of a(s) in the general case. We know that

(3.14) da(;(s) - dfi(j) n kdl;(j) = t(s) + k(=7 (s)n(s)) = t(s) — kr(s)n(s).
If we take the norm of this equation;
(3.15) ‘ W) | AR = K
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is obtained. Then, the unit tangent vector ¢(s) is as;

day(s)
. t(s) — kt(s)n(s
(3.16) tb(S) _ ds _ ( ) ( ) ( )
da;(s) 1+ k27’2(8)

Moreover;

d®ay(s)  dt(s) , dn(s)
(3.17) el e MOLORTLO »

= kr(s)7(s)t(s) + (k(s) — k7' (s))n(s) — km%(s)b(s)

and
(3.18)
(s 2o (s
d ;s( ) X d d;)?( ) = [t(s) — kT (s)n(s)] x [kn(s)T(s)t(s) + (k(s) — k7' (s))n(s) — k7'2(8)b($)]
= (k(s) — k7/(s))t(s) x n(s) — kr2(s)t(s) x b(s) — k?k(s)T2(s)n(s) x t(s) + E*73(s)n(s) x b(s)
= k273(s)t(s) + kr2(s)n(s) + (k(s) — k7'(s) + k%K (s)T%(s))b(s)
are obtained. The norm of this expression is found as;
(3.19)
dOLb(S) d Oéb
ds d52

= VET(5) + 127(s) + (5(3) — k(5) + P R(s)(5)7 = L(s)

The third derivative of the curve ay(s) with respect to the s parameter is;

(3.20)

0D — o (5)r(5)t(5) + k() (9)5) + k(5)7(5) o) 4 (1 (3) = k" (5))m(e)
Hs(3) — k7' (D) T s (s)e(5)o(s) — k() T
= (k' (s)7(s) + kia(s)7'(5) — 12(s) + krs(s)7'(5))t(s) + (kw?(s)7(s) + ' (s) = k" (s) + k7(5))n(s)
+((s)7(s) — k7(s)7'(s) — 2k7(s ) "(5))b(s)
= (kK (s)7(s) — K%(s) + 2ki(s)7(3))t(s) + (kr?(s)7(s) + K/(s) — k" (5) + k% (s))n(s)
+(k(s)7(s) — 3kt (s ) "(5))b(s).
Then we get
(3.21) 2 3
(dagis) x4 3;’2,(8)) L) _ g2 (). (k! ()7(s) — K3(5) + ()7 (s
+k‘72(8)( ( )7(s)

+ K

+(r(s) = k7'(5) + kK*K(s)7(5))-(k

= k36 ()74 (s) — K*K%(s)73(5) 4 2k3K(s)T ’(s) 3(s) + k?k?
—k272(8)7"(s) + K*7°(s) 4 K% (5)7(s) — 3kk(s)T(s)T' (s

—kr(s)7(s)7'(5) + 3k*7(5) (7' (5)) (

— B ()74 (5) + K2 (s)r(5) — KOR(s) ()7 (s
+E277(s) + K (5)7(5)
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In this case, the expressions of the curvature and torsion of the curve a;(s) in terms
of the curvature and torsion of the curve «(s) are;

(3.22)
iy (s) = gy (s) x ap ()| _ /KA78(s) + k274(s) + (k(s) — k7'(s) + k2 (s)7%(s))?
ey ()] (1+k272(s))2
and
(3.23)
_ (a(s) x ay/(s))- O/b”(S)
T(8) =

ey (s) x o/ ()|
B E36'm4 4+ k2Rk273 — B3Rt/ 73 + kr' 72 — K2727" + K270 + k27 — dkkrr! 4 3K27(7)?
B k476 + k274 + (k — k7! + k2Rk72)2

We also obtained the unit tangent vector of the curve a;(s) as;

day,(s) _
(3.24) tb(s) — ds — t(s) kT(S)n(S)
‘ d(x;(s) 1+ k272(s)

The other Frenet frame elements of this curve;

(3.25) by(s) = ay(s) x ay(s) B3t + kmn + (k — k7' + K2672)b
' " Tap(s) X ()l /RO § K2+ (ke + K2mr2)?

and
(3.26)

m(s) = buls) X ls) = T

(K273t + k?n 4 (k — k7’ + K*672)b] ¥

[t — kTn]

= [-ErMt xn4+km’n x t+ (k — kT’ + E2k272)b x t + (=kwr + E*r7" — B2 k73)b x n)

K(s).L(s)

= —————[(kkT — K?m7" + E3kr)t + (k — k7' + K2&27H)n + (k371 —

K(s).L(s)

Theorem 3.2. The expression of the Frenet frame of the binormal curve ap(s) in
terms of the Frenet frame of the curve «(s) is of the form;

t(s) — kr(s)n(s)
1+ k272(s)
_ KPr(s)t(s) + kT (s)n(s) + ((s) — k7'(s) + k?K(5)7(s))b(s)
VEATO(s) + k274(s) + (k(s) — k7' (s) + k2k(s)72(s))?
) = 1o g (PR(IT(6) = Br(6)(6) 4 (s} ()
() + k2% (s)7%(s))n(s) + (—k>7(s) — kT2(5))b(s)].

Theorem 3.3. The expression of the curvature and torsion functions of the binor-
mal curve ap(s) in terms of the curvature and torsion functions of the curve «(s)

tb(S) =

+
—
X
—~
V)
~—
\
5

km%)b).
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is obtained as;

(3.28)
\/k47'6 + k274 + (k — k7! + k2Kk72)2
Kp(s) = B
(14 k272)2
(s) E3R'm4 4+ k2Rk273 — B3Rt/ 13 + kr'T2 — K2727" + K270 + k27 — dkrrr! 4 3K32T(7)?
b p—

k476 + k274 + (k — k7! + k2Kk72)2
Example 3.4. Let the curve
s .8
(3.29) a(s) = (acos(=),asin(=),0),a > 0
a a
be given. Then, let us calculate the Frenet apparatus of binormal curve. The

definition of binormal curve was ap(s) = a(s)+kb(s). Let us compute the binormal
vector b(s) of the curve a(s). Since the curve a(s) is unit speed curve, we get

Uy U, Us
(3.30) b(s) =t(s) x n(s) = |—=sin(3) cos(3) 0|=(0,0,1).
—cos(2) —sin(3) O

Then the equation of the curve ap(s) is,

(3.31) ap(s) = (acos(%),asin(i),O) + £(0,0,1) = (acos(2)7asin(f),k).

From here;

(3.32) ay(s) = (—sin(Z),cos(g),O)

and

(3.33) loh()ll = ((=sin(2))? + (cos(2))?) " =1

are obtained. Therefore the binormal curve ay(s) is the unit speed curve. If we
take the necessary calculations;

{(5) = (—geos(S), —=sin(2),0)
(334 {(5) = (gsin(®), ~ 2eos(5),0)
Ul U2 U3 1
ay(s) x ay(s) = | —sin(2) cos(3) 0|=(0,0,-)
—ccos(3) Zsin(2) 0
and
(3.35) la(s) x af/(s)]| = 1/02 +02 + (2)2 - l
ay(s) x o (s).ap’ =0
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are found. So the Frenet frame of the binormal curve is;

= a{,(s) = (—sin i cos(—
W) = ey = o) eos(Q).0)
o= ) xai(s) 001y
(3.36) ) = faye) < agon =400 =G0
Ul U2 U3 s s
ny(s) = by(s) x ty(s) = 0 0 1= (—cos(g), —sin(a),o).
—sin(2) cos(2) O

The curvature and the torsion functions of this binormal curve are;

o) = lobts) et _ 4 _
) @l 1 a
7(s) = ap(s) x o (s).a(s) _ 0 0
lag(s) x o (s)I* (3)?

Hence the binormal curve of the curve a(s) is a circle.

Example 3.5. Let the helix a(s) = (cos(%), sm(%)7 %) be given. Then let us

calculate the Frenet apparatus of the binormal curve. Since «(s) is a unit speed
curve, we get

(3.38)
1 Ul s 1 V2 s Uf3 1 . s 1 s 1
b(s) =t(s)xn(s) = _\/g;;z(sf;/)i) \/580128((:;/;)) ? = (—28271(%), —ECOS(E), —2)

Then the equation of the binormal curve is,

(3.39)  au(s) = <cos(;§) + %sin(%),sm(%) _ %008(%), \2 + \%)
Hence

(340)  al(s) = (%sm(\%) + gcos(\%), %COS(%) + gsin(%), 12>
and

(3.41)
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are found. Therefore, the binormal curve is not unit speed curve. If we make
necessary calculations on arbitrary speed curves;

(3.42)

/ 1 s k s 1 s s
ap (s) = (—2003(\/?) 2\/§s n(ﬁ),—ﬁsm(T) + Fc 5(7) 0)
" 1 . s k s 1 s k . s
y (s) = (2\@52”(\@) - ZCOS(E)’ 2\—6005(\—6) — 4sm(\/§),0>
Ul U2 U3
ap(s) x afl(s) = | —75sin(Z5) + Ecos(25) “5cos(5) + gsm(%) v
—%cos(%) — 2k282n( 52) —%sm(%) + 2%008(%) 0
1 . s k S 1 S E ., s 24+k?
= (msm(ﬂ) Zcos(ﬁ), Qﬁcos(ﬁ)—zsm(ﬁ), W )
and
(3.43)

42
k* 4 6k2 48
32
2+ k?
a}(5) X af(s).0f = =
are obtained. Then Frenet frame of the binormal curve is;
(3.44)
2 1 S k S 1 S k S 1
ty(s) = —sin(— —cos(—=), —=cos(—=) + =sin(—=), —=
) m( B ek e g ) 2)
by(s) 32 ( (s)k (s) 1 (s)k_(s)2—|—k2>
s) = sin(— - —), ———=cos(—=) — —sin(—=),
b rekz+8 \2v2 V24 VRY 22 W2 4T VR 4R
() 32 2 ( 1 ( s ) k. ( s )
np(s) = . (—=cos(—) — sin(—=
b kY4 6k2+8 VA k2 40 V2L 42 V2
2 4 k2 s 2k+K s 24k . s
— cos(—= sin(—=), — sin(—=
(g Jeos( ) = (S sin( o), =S sin( )
2k + k3 s 1 s k s
—) — —sin(—=) + —),0).
33 cos(\/ﬁ) 4sm(ﬂ) 1 2608(\@) )
The curvature and the torsion function of the curve are;
V2./k2 43
(345) Kjb(S) = 4—"—7]{/‘2
and
2
(3.46) Tp(s) = el

Hence binormal curve is also a helix.
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4. CONCLUSIONS

The definition of binormal curves is given by a;(s) = a(s) + kb(s) using the unit
speed curve «(s). These curves are called parallel curves in the literature. The
main goal of this paper is to investigate parallel curves using binormal vector and
to study the associated geometry of these curves. We give a similar definition of
parallel curves using the normal vector. The aim of this study is contribution to
the literature on the theory of parallel curves based on binormal vector in three-
dimensional space. In addition, the studies discussed here will later be expanded
to surfaces and their geometric properties will be examined. Also, the instrinsic
geometric formulas will be derived from the curvatures. This study was conducted
at the Karadeniz Technical University in the Department of Mathematics and pre-
sented as a master’s thesis.
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