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The Frenet Vectors and the Curvatures of Curves
N - T*B* in E3
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Abstract

In this paper, we describe a new pair of curves where the principal normal vector of a curve 8 and an vector R*
lying in the rectifian plane of a curve * are linearly dependent. We name them the curves N — T*B*. And we
express the Frenet vectors and the curvatures of the curve f* in terms of the Frenet vectors and the curvatures
of the curve 3.
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1. Introduction

One of the most studied topics in differential geometry is the theory of curves and surfaces, [1-3]. Producing one curve and
another curve in conjunction with each other is a widely used method in differential geometry. Such curves are called associated
curves. The studies on the associated curves are available in [4-12]. There are many special curve pairs produced this way.
Some examples of these are Mannheim curves, Bertrand curves, involute and evolute curves. Mannheim curves were first
described by A. Mannheim in 1878. If the principal normal direction of one curve is linearly dependent on the binormal
direction of the other curve, these curves are called Mannheim curves, [13]. Bertrand curves were studied by Bertrand in 1850.
If the principal normal of one curve is linearly dependent on the principal normal of another curve, these curves are called
Bertrand curves, [14]. Involute and evolute curves are curves whose tangent directions intersect orthogonally, so the principal
normal direction of the first curve and the tangent direction of the second curve are linearly dependent. There are many studies
on these special curve pairs, [15-24]. Just like these special curves, new curve pairs can be obtained under different conditions.
Various frames can be installed on the curves such as Frenet, Darboux, Sannia, etc. Of these, the Frenet frame consists of
orthonormal vectors (tangent, principal normal and binormal vector) obtained by taking the derivatives of the curve. Curvatures,
which play an important role in determining the character of the curve, are obtained from these Frenet vectors. Of these, the
first curvature (curvature) measures how much the curve is curved, and the second curvature (torsion) measures how much the
curve deviates from the plane. The studies on curves in general can be accessed from the resources [11,25-39].

In this paper, we describe a new pair of curves under a new condition. The condition is that the principal normal vector of a
curve 3 and an vector R* lying in the rectifian plane of a curve $* are linearly dependent. We name them the curves N — T*B*.
So we calculate the Frenet vectors and the curvatures of the curve f* in terms of the Frenet vectors and the curvatures of the
curve f3.
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2. The Frenet vectors and the curvatures of curves N — T*B* in E3

Let B(s) and B*(s*) be two differentiable unit speed curves in E3. The Frenet frames and the curvatures of these curves are
{T,N,B}, x ,t and {T*,N*,B*}, x*, 7" respectively.

Definition 1. If the principal normal vector N of the curve B(s) and the vector
_aT*(s) +bB* (s) )
va*+b?

of the curve B* are linearly dependent, then the curve B(s) is called the curve N — T*B* and the curve * is called the partner
curve N —T*B*. So, these new curves are called as the curves N — T*B* with the parametrizations B* (s) = B (s) + cR* (s),
where a,b is constant but c is not constant (Fig. 1).

R (s)

L 4

Fig. 1. N— T*B* curves

According to this definition, we have
(R*,N*) = (N*,N) =(R",T) = (R*,B) = 0. 2)
And we have also the following equations:
T* +bB* N,T*)+b(N,B*
<N,R*> _ <N,a + >:61< ) >+ < ) >: , (3)
Va4 b? Va2 +b?
al*+bB* .\ a
\/(12+l)27 \/aZerz7
aT* + bB* b
(RB)=( —F—=.T" )= —F—=. &)
Va2 + b Va+b

Theorem 2. The tangent vector T* of N — T*B* partner curve based on the Frenet vectors and the curvatures of the curve 3 is

(T",N) = <R*7T*>=< “4)

(B*,N)

T*= ——— ((1—ck)T+c/N+cTB). 6)

I a? +b

Proof. Since if we take the derivative the equation * = 8 + cR* with respect to s*, we have

dp*  dB* ds

ds*  ds ds*’

dp* ds

Y ((I—KC)T—FC'N—FCTB)%, (7
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dp*
ds

and
H = \/(17Kc)2+c’2+12c2:\/3, (8)

where 8 = ¢2 + (1 — kc)* + 72¢%. We know that tangent vector field is

dp* dp*
T* = =
ds* ds

ds* ds
dp* dp*

so from the expressions (7) and (8), we have

)

(1-xc)T+cN+1cB  (1—Kc)T +¢'N+1cB

T = = C))
\/(I—K‘c)2+c’2+172c2 v
Also for the curve B*, we write
dp* dpr\ _ ]
ds*’ ds* |
From the expression (7), we get
p ds , ds
((1—xc)T+'N+cTB) s ((1=xe)T +'N+c1B) o) = 1,
! _ (d)
(1—ke)* 42+ (c1)? ds*) -
And so, from the expression (8), we have
ds 1
22 10
ds* /5 (10)
From the expression (9), we get
1—xc)T+'N B !
<T*,N>:< (1=xc)T+c'N+1c ,N>:C. (11
\/(1 — Kkc)* + 2+ 122 Ve
From the equations of the expressions (4) and (11), we obtain
¢ a c? (az + bz)
—=—— o §=——5—~. 12)
\/3 v a2 + bz (12
If we substitute the expression (12) in the expression (9), we get
1—
T al Kc)2 a N+ act )
N at+b Va2 +b dVat+b
So the proof is completed. |
Corollary 3. There is the following relationship:
& 2
= 13
5= 13)
o . (@)
Proof. If we take the derivative the expression (12), since ~—>— is constant, we get
/ 2" (a2 +b2>
=——"-+—+.
a2
[
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Corollary 4. There is the relationship between the curvatures K, T, and the values a,b,c for the partner curve N—T*B*:
d = % (1 —ke)* + 722, (14)
Proof. From the equation of the expressions (8) and (12), we have
c? (a2 + bz)

2 2 2.2
s 4+ (1 —xe)"+17°c",

~,
Y
Q
[S]

s = —2(1—1<c)2—&—’r2c27

S

(1 —xe)? + 122

SR

Theorem 5. There is the relationship between curvatures K, T and the values a,b,c of the partner curve N — T*B*:
/8/ 4
S5 = —c(K+7) k. (15)

*
= kK*N*, we write

Proof. Since
s*

141 ds
CK* ds ds*
From the expression (2), we know that (N*,R*) = (N*,N) = 0. So

1 dT* ds
———— N ) =0.
<K* ds ds*’ >
d

1
Since — #0, &« = 0, then we have
K* ds*

<dT*,N> =0. (16)

*

ds

If we take the derivative of the expression (2) with respect to s, we get

dT*  [(1—Kke)T+N+1eB]' V& — (1 — ke) T+ N+1c] V&
ds ) ’

= 5 (0K T+ N+ 28] V3= [(1= k) T +N -+ 2cB] V). a7

1
Here - # 0. If we substitute the expression (17) in the expression (16), we have

1)
<N, [(1—xc)T+c’N+ch}’\/5>—c’ 5 =0. (18)
If we write the expression (18) more clearly, we obtain
VS
Ve

= <N, [(1—Kke)T+N+ TCB}/>
= (N,(1-=xc)'T+(1—ke)T'+"N+'N' + (tc) B+ 1cB'),

! S/
ng c"—c(K2+1:2) + K.
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Theorem 6. The first curvature K* of the partner curve N — T*B* based on the Frenet vectors and the curvatures of the curve

B is

1 1
K" = 75 [ ((—2c%*k—cdk’) — (1— Kc)c”)er (x—cd (K2+’L'2))2+ ((2¢?T+cdT) fcc”r)z } . (19)

*

dT
Proof. Since the equation K*N* = L from the expression (18), we have
s

e _dTds T 1
~ds ds* ds \/§

And from the expression (17), we write

o & &
KN =< [ ((—2c’;<—c;<’) —(1—xc) 26) T+ ((c” + k- K2c—ct?) —c’25> N+ <(2c"c+cr’) - C‘L'26) B ] . (20)
Also from the equation k*? = (k*N*, k*N*) and the expression (13), we get the expression (19). [
Theorem 7. The normal vector field of the partner curve N —T*B* based on the Frenet vectors and the curvatures of the curve
Bis

N*= % [ (—2c”Kk—cdk' = (1—ke) ") T+ ((k—cc (K2 +7%)) )N+ (2*t+ T —c"T)B |, (1)

where A = ¢’ dx*.

Proof. From the expressions (13) and (20), we get

1 ! ! /!
KN = < ((—zc’x—cic’) —(1—xc) Z,) T+ ((c”+1<— K2c—cT?) —c’CC/>N+ ((2c’r+cr’) —cri,)B ) .
Hence
1 /! K /! /!
N* = = ( <(—2c’K—cK/) —(1— KC)CC/> T+ <(c”—|—cl—1<2c—crz> —c'CC/>N—|— <(2c"c—|—c‘c') —c‘L'CC/)B > .

Theorem 8. The binormal vector field of the partner curve N — T*B* based on the Frenet vectors and the curvatures of the
curve B is

((2dt+ct)? —ed"T) — (et — AT (kKP4 7%))) T

B* +((1—cKx)((2dT+ct) ")+ (2K +cK') 'cT)) N . (22)

a
B AV A+ b

+((1=cx) ((k—cc (K2 +7%)) = ") = ((—2dk —cK') ) B

Proof. From the equation B* = T*AN* and the expressions (9) and (21), we have

a T N B
B'=—— (1—cxK) d T
Acva*+b ((—2c”k—cdk’) —(1—kc)c")  (k—ccd (K*+71%)) (2dT+ct)d —cd't

Theorem 9. The second curvature T of the partner curve N — T*B* based on the Frenet vectors and the curvatures of the
curve B is

A " o
3 -2 (K + 1) —c(K'k+77) + %
"=
(k—cc (K2 +12))V§
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Proof. From the expression (2), since (N*,N) = 0, it is clear that

dN* dN
N+ (NS ) =0,

So, from the expression (10), we write

From the last equation, we get

ds* dN
—K*T*+t"B* N N*, — =0
<( K +T )ds’ >+< ?ds> )
ds* dN
_ *T* *B* x L4V —
e )N (V) = o
dN
\/g<(—K*T*+T*B*),N>+<N*,d> = 0.
N

o (B N) = K <T*,N>—\}3<N*,"N

. 1 k' + k(N T)—T(N*,B)

= 23
TV BN &
Since A = ¢’§x* and if substitute the equations (N*,T), (N*, B) in the expression (23), we obtain
A x , , ’ T/(., ,
. 1 5+A<(—2c1<—cr<)—(1—1<c)cl ~2 2cr+cr—c?r
=—— ] .
v L (el (7))
|

3. Conclusions

Defining pairs of curves under certain conditions is a much studied topic in differential geometry, such as Bertrand, Mannheim,
involute-evolute curves. There are many studies examining the relationships and geometric properties between these pairs of
curves. It is possible to define new curve pairs under new conditions. Other curve pairs can be produced, such as the new curve
pair discussed in this study, and these studies can also be considered in non-Euclidean spaces.
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