MATHEMATICAL SCIENCES AND APPLICATIONS E-NOTES
5 (1) 1-8 (2017) ©MSAEN

Normal Fermi- Walker Derivative
Ozgiir Keskin* and Yusuf Yayli

(Communicated by Biilent ALTUNKAYA)

Abstract

In this paper, first, we defined normal Fermi-Walker derivative and applied for adapted frame. Normal
Fermi-Walker parallelism, normal non-rotating frame and Darboux vector of normal Fermi-Walker
derivative by using normal Fermi-Walker derivative are given for adapted frame. Being conditions of
normal Fermi-Walker derivative and normal non-rotating frame are researched throughout curve for
Frenet frame and Adapted frame. It is shown that vector field which take part in [13] is normal Fermi-
Walker parallel in accordance with the normal Fermi-Walker derivative along the general helix. Also, we
show that the Frenet frame is normal non-rotating frame in accordance with the normal Fermi-Walker
derivative. Afterwards, we testified that the adapted frame is normal non-rotating frame throughout the
general helix.

Keywords: Frenet frame; Darboux frame; Non-rotating frame; Fermi-Walker derivative.

AMS Subject Classification (2010): 53A04, 53A05, 53205, 57R25P.

*Corresponding author

1. Introduction

Fermi-Walker transport is a process used to define a coordinate system or reference frame in general relativity.
All the curvatures in the reference frame is due to the presence of mass-energy density. These curvatures are not
arbitrary spin or rotation of the frame. Fermi-Walker derivative, Fermi-Walker parallelism and non-rotating frame
expresses are identified according to this derivative for Bishop and Frenet frames. Then, the obtained notions are
applied for Lie groups in E* and are expressed on any hypersurface in E"*! [9], [10], [11]. Also, unit vector fields
according to Fermi-Walker transported are proved along Rytov-Legendre curves. Slant and Legendre curves are
defined in three-dimensional warped products and are characterised via the scalar products between the normal of
these curves and the vertical vector field [5], [4]. The constant precession curve is expressed as unit-speed curve that
its central returns approximate a stable axis with stationary angle and stationary speed. The arc-length parametrised
closed-shape solution of the native equations is obtained according to this constant precession curves with the
help of direct geometric analysis [12]. Spherical images of a curve are investigated and is called a C-slant helix.
Furthermore, some new characterizations for the C-slant helix are given and showed that the C-constant precession
curve is a C-slant helix [13]. In recent years, some application is made by using the normal of slant helix. In the
light of these opinions, we defined derivative according to the normal of curve.

Fermi-Walker derivative is given with the help of tangent vector of curve. We defined new normal Fermi-
Walker derivative by using the normal vector of any curve in Frenet frame. In our study, normal Fermi-Walker
derivative, normal Fermi-Walker parallelism, normal non-rotating frame and Darboux vector of normal Fermi-
Walker derivative are given for adapted frame . Also, we show that the Frenet frame is non-rotating frame according
to the normal Fermi-Walker derivative for any curve. On the contrary, { N, C, W} frame is not non-rotating frame.
The Fermi-Walker definitions can be defined by the first vectors of other frames.
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2. Preliminaries

Fistly, we give some basic notions about curves. We define a new derivative.
Let X be a vector field in R3 and 3(s) be a unit-speed curve in space.

vX dX

VA _ Y XYM+ (M, X)T, @.1)

V& ds

that is to say, % derivative is called Fermi-Walker derivative. Hereby T=42, M=4L 2],
Furthermore, if

v X
L - 0,
V&

X vector field is entitled parallel according to the Fermi-Walker derivative throughout the curve [2].
Let 3(s) be a unit-speed curve and a { P, R, Z} be orthonormal vectors. If
~p ~ ~
YR, YE_,  YZ_
V& W& W&

{P, R, Z} is entitled non-rotating frame [1].
Let 3: I C R — E? is a unit-speed curve. Denote by

{N,C,NAC =W}

0,

the moving adapted frame throughout the curve j(s) in E3.The adapted frame equations are

N'(s) 0 f(s) O N(s)
C'(s) | =] —f(s) 0  gls) C(s) (2.2)
W'(s) 0 —g(s) 0O W (s)
In [13],
N/
C= 1
N7
_ TT'+ kB _
W= T W= NAC,
=T
g=of.

Here, & is the curvature and 7 is the torsion of the curve 3 in the way of Frenet’s frame. f and g are curvatures of the
curve « in the way of the adapted frame.

Fermi-Walker derivative is given with the help of the tangent vector of curve. We will give the following definition

by using the normal vector of curve for the first time in our study. We will say normal Fermi-Walker derivative
name of this definition.

Definition 2.1. Let X be a vector field in R? and 3(s) be a unit-speed curve in space.

DX dX
— =——(N,X)N'+ (N, X)N 2.3
= (VXN (NLXON, 23)
defined as %)S( derivative is entitled normal Fermi-Walker derivative. Hereby, N:ﬁ is a normal vector of Frenet
frame.
If
DX
= —0,
Ds

X vector field is called normal Fermi-Walker parallel in accordance with the normal Fermi-Walker derivative
throughout the curve.
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3. Adapted Frame and Normal Fermi-Walker Derivative

In this section, firstly we give a different definition of the normal Fermi-Walker derivative with the help of the
adapted frame. Then, we give some theorems and results.

Lemma 3.1. Let X be a vector field throughout the [3(s) space curve, normal Fermi-Walker derivative can be defined of the

DX dX

—_— = XANW 3.1
== X AW) (61
Proof.
DX dX dN dN
— =— —(N,X)—+(—,X)N
Ds ds (N, >ds+<ds’ I,
If 4¥ = fC substitutes and the necessary actions are done,
DX dX
—_—_ = — X /\ W .
5. = s T )
is obtained. O

We now take into account a space curve which changes in time, so X = X (s, u), where s is arc parameter and u
is time parameter. In addition to the adapted frame equations, where f and g are dependent on both s and u. We
can be written the related equations composing the kinematics of the time change of the triad {N, C, W}, just as the
adapted frame equations|[1]:

N, =rC + hW, Cy, = —rN + goW, Wy (s) = —hN — goC. (3.2)

The scalars 1, h, gg are functions of both s and u.
Once more, we may express the conception of normal Fermi-Walker derivative along the "temporal curve"
parametrized by u. From equation (3.2), we attain the following similarities of equations in Corollary(3.4) and (3.1):

DX dX
P 70 r(WAX)+h(CAX),
and
DN DC DN

— =0, ~— = goW, — = —goC.
Du Du 9 Du 9
Thus, since one moves from u to u+du for a fixed s, the (C,W) plane evolves by an angle godu.

Now we consider the conditions that a vector field is normal Fermi-Walker parallel according to the normal
Fermi-Walker derivative.

Theorem 3.1. Let 3(s) be unit-speed a curve. Afterwards X = A\ N + X\oC + A\sW vector field is normal Fermi-Walker
parallel according to the normal Fermi-Walker derivative throughout this curve iff:

A1(s) = constant,

als) = crcos( [ g(s)ds) + casin [ g(s)d).
als) = cxcos( [ g(s)ds) — casin [ g(s)ds).

Here A1, A2, A3 real parameters are continuous differentiable functions.
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Proof. =:X is normal Fermi-Walker parallel in accordance with the normal Fermi-Walker derivative throughout the
curve.

DX dX

— = X

Bs = a5 TTEAW),
DX d\ dXs dXs
Bs = Ugg N+ (5 = 9())C+ (52 + 9(s)A)W.

Since X, vector field throughout the curve 5(s), is normal Fermi-Walker parallel in accordance with the normal

Fermi-Walker derivative, %{f =0.

So,
% —9(s)A3 =0,
% + g(s)A2 = 0.

If the equation system solve,

A1(s) = constant,

Aa(s) = clcos(/ls g(s)ds) + czsin(/lsg(s)ds),
As(s) = czcos(/ls g(s)ds) — clsin(/ls g(s)ds).

is obtained.

—=: X = M N + XoC + A3W vector field and § = (] g(s)ds),
A1(s) = constant,
A2(8) = c1cosl + cosind,

A3(8) = cacosh — cysind.

and
DX dX
—-—=— XAW
5.~ a5 T ),
DX d\ dAo dAs
(AN (222 ar3
= = (TON + (2 = gM)C + (T2 + g M)W,
DX
= 0,
Ds
is obtained. A; parameters are constant. O

Theorem 3.2. Let 3(s) be general helix. Then X = A; N + XoC'+ AsW vector field is normal Fermi-Walker parallel according
to the normal Fermi-Walker derivative throughout the curve. A1, A2, A3 are constant.

Proof.
DX dX
— = -_— X /\ W
Tyl s f( )
DX
So = NN+ = gAa)C + (gha + X)W

= g(AQW - /\30)
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’%f = 0 is obtained. 0

is obtained. Since 3(s) is general helix, then g = 0. So,

Corollary 3.1. {N, C, W'} vectors are normal Fermi-Walker parallel in accordance with the normal Fermi-Walker derivative
along the general helix.

Proof. Due to Theorem 3.2,

(a)/\l = 1,)\2 = )\3 = OfOT‘X = ]\/v7
(b))\z = 1,)\1 = )\3 = OfOTX = C7
(C))\g = ]., )\1 = )\2 = OfOT’X =W.

O
Now, the relationship between the normal Fermi-Walker parallelism and Euclid parallelism is defined below.

Corollary 3.2. Let X be a vector field throughout the 3(s) space curve. Throughout the space curve of X, normal Fermi-Walker
derivative balances derivative in accordance with the adapted frame of X iff

X =W,
\ is constant.
Proof. Due to Lemma 3.1,
DX dX
5.~ ds + £( )s
DX _dxX
Ds ds’
iff
X =\W
is obtained. O

{T, N, B} frame is not non-rotating in accordance with Fermi-Walker derivative. But now, we will see that is
normal Fermi-Walker non-rotating according to normal Fermi-Walker derivative of {7, N, B} frame.

Corollary 3.3. Let 3(s) be a unit-speed curve and {T, N, B} be the Frenet frame of 5(s). The {T, N, B} is normal Fermi-
Walker non-rotating frame according to normal Fermi-Walker derivative throughout the space curves.

Proof. In accordance with the normal Fermi-Walker derivative,

DX dX
= = S AW),
DX dX
— = — —(N,X)N'+ (N’ X)N.
= = T - (VXN + (V' X)
We compute the following equations to show that is a non-rotating frame of {T', N, B} frame according to normal
Fermi-Walker derivative. From Definition 2.1, if necessary calculations are done,

DT dT

Z= =2 _(N,TVN' +(N'.T\N
e ds (N, T)N"+ (N',T)N,
DT

— =T — (N, T)N' + (N',T)N.
Ds
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Since (N,T) =0,T7" = kN and N' = —kT + 7B,

DT
— =kN -0+ (—kT +7B,T)N,
Ds
D
— = 0.
Ds
Likewise, if you do others,
DN dN
~— =— —(N,N)N'+ (N',N)N =0,
Ds ds
DB dB

DS == E-<N,B>N’+<N’,B>N:0

O

Corollary 3.4. Let {N,C, W} be the adapted frame of 3(s). The {N,C, W'} is normal Fermi-Walker non-rotating frame
according to normal Fermi-Walker derivative iff g = 0.

Proof. In accordance with the normal Fermi-Walker derivative,

DX dX

— = XAW
5.~ ds + f( ),
DX dX

—— = — —(N,X)N' + (N, X)N.
Ds ds

We compute the following equations to show that is a non-rotating frame of { N, C, W} frame according to normal
Fermi-Walker derivative. From Definition 2.1, if necessary calculations are done,

D0 O (N NN+ (VL N,
s
%—N = N’ — (N, N)N' + (N, N)N.
s
Since (N, N) =land N’ = fC,
DN
Da =fC—fC+(fC,N)N,
DN
— = 0.
Ds
Similarly, if you do others,
DC  dC
Ds = ds - <N70>N/+ <N/,C>N=gI/V7
DW  dw

== W, B)N' + (N',W)N = —gC.

Here, there should be g = 0 to be normal Fermi-Walker parallel according to normal Fermi-Walker derivative. Thus,
((s) must be general helix. Theorem 3.2 is obtained again from the result.

O
We express Darboux vector of the normal Fermi-Walker derivative according to the { NV, C, W} frame. In addition,

in Theorem 3.3, we examine that Darboux vector of the normal Fermi-Walker derivative is normal Fermi-Walker
parallel in accordance with the normal Fermi- Walker derivative.
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Corollary 3.5. Let {N,C, W} be the adapted frame of 3(s). Darboux vector of the normal Fermi-Walker derivative in
accordance with the adapted frame is

ws = gN.
Proof. If the calculations are done,

DN

— =w, AN,
Ds

DC

— =wy, ANC,
Ds
DW

— = w, A W.
Ds

As a result, if there is w, = gN, it is Darboux vector of the normal Fermi-Walker derivative in accordance with the
adapted frame. Now, we can define new theorem. O

Theorem 3.3. Let 5(s) be a unit-speed curve and w,=gN. Darboux vector of the normal Fermi-Walker derivative is normal
Fermi-Walker parallel in accordance with the normal Fermi- Walker derivative iff g is constant.

Proof.

DS & e aw),
* N N
TN
d;;* = %N + fgC.
Also, since f(w* AW) = —fgC, DD—“: = %N. Then, Dﬁ—f = 0 if and only if g is constant. O

Corollary 3.6. If 5(s) is constant precession curve, w* is normal Fermi-Walker parallel in accordance with the normal Fermi-
Walker derivative. Infact, if 5(s) is constant precession curve, f = constant, ¢ = constant. Hence, g is constant.

4. Conclusion

The Frenet frame is not non-rotating frame in accordance with Fermi-Walker derivative. Thus, we described a
new Fermi-Walker derivative to be non-rotating frame of the Frenet frame and this new derivative called "normal
Fermi-Walker derivative". Then, we showed that the Frenet frame is non-rotating frame in accordance with a
new Fermi-Walker derivative. Otherwise, the adapted frame is not non-rotating frame in accordance with this
new Fermi-Walker derivative. However, if a curve is general helix, the adapted frame is non-rotating frame in
accordance with this new Fermi-Walker derivative.

Also, we defined normal Fermi-Walker parallelism, normal non-rotating frame, Darboux vector of normal
Fermi-Walker derivative in accordance with the adapted frame in our study.

The Fermi-Walker derivative can be characterized by the first vector of other frames. In this way, the Fermi-
Walker derivative can be redefined for different frames.
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