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Abstract

In this study, we investigated spherical images of a curve according to type-1 Bishop frame in three dimensional Weyl space. Further,
we expressed the relations among Frenet-Serret and type-1 Bishop frame apparatus. We defined the concepts of general helix, slant
helix, spherical curve and also circle by using prolonged covariant derivative in Weyl space. Later, provided that these spherical images
satisfy the above definitions, the conditions obtained were expressed in terms of first and second curvatures and hence Bishop
curvatures. Additionally, parallel displacement condition of the binormal vector fields of the n and n Bishop spherical images of a curve

along their own tangent vector fields was discussed.

Keywords: Weyl space, General helix, Slant helix, Spherical curve, Spherical image.

Prolonged Kovaryant Tiirevi Kullanarak Weyl uzayindaki Bir
Egrinin Tip-1 Bishop Catisina Gore Kiiresel Resimlerinin Incelenmesi

Oz
Bu ¢aligmada, Weyl uzayindaki bir egrinin tip-1 Bishop ¢atisina gore kiiresel resimlerini inceledik. Ayrica, Frenet-Serret ve tip-1 Bishop
cat1 aparatlar1 arasindaki bagintilar1 ifade ettik. Prolonged kovaryant tiirevi kullanarak, Weyl uzaymda genel helis, slant helis, kiiresel

egri ve ayrica ¢cember kavramlarini tanimladik. Daha sonra, bu kiiresel resimlerin yukaridaki tanimlar1 saglamasi halinde, elde edilen
sartlar birinci ve ikinci egrilikler ve dolayistyla Bishop egrilikleri cinsinden ifade edildi. Bunlara ek olarak, bir egrinin noven Bishop

kiiresel resimlerinin binormal vektor alanlarinin kendi teget vektor alanlar1 boyunca paralel kayma sart1 ele alindi.

Anahtar Kelimeler: Weyl uzayi, Genel helis, Slant helis, Kiiresel egri, Kiiresel resim.
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1. Introduction

Bishop frame (or type-1 Bishop frame) was introduced by
Bishop (1975). This frame was also named as alternative or
parallel frame of the curves. Many researchers used Bishop frame
in several spaces, such as Biik¢ii and Karacan (2008a and 2009),
Yilmaz et al. (2010; in Euclidean space), Biik¢li and Karacan
(2008b; in Lorentzian space), Karacan and Biik¢ii (2007 and
2008), Yilmaz (2009; in Minkowski 3-space) and Kofoglu (2020;
in Weyl space).

2. Preliminaries

Let C:x! = x!(s) (s is the arc length parameter of C) be a
curve in three dimensional Weyl space W5 (i = 1,2,3). Let us
denote Frenet-Serret frame and Bishop (or type-1 Bishop) frame
belonging to C by {117, v, 137} and {117, n, 721}, respectively. Both of

these frames are orthonormal bases.
Frenet-Serret formulas are expressed as
vV vt = kvt
1 1 2
kyy i i i
vVViv' = —Kk V' + KU
1 k3 11 23 M
kg i — i
VVv' = —Kv
1 k3 22
where x; and k, are the first and second curvatures of C,
respectively.

Derivative formulas of the vector fields of Bishop frame are
in the following form:

kg ayi — i i
Kk o — i

Ky i i
vvV,nt = —k,v
1 k3 1

Here, k; and k, are Bishop curvatures (Bishop, 1975). Their
equivalents in Weyl space (Kofoglu, 2020) are

[4 .
ki, = Tw*vinig; (j.kp=1,2,3) (3)
1%1 p 1
or
p i . i .
ky = %g 7ll]gij =c ng;; (4)
and
ki
k; = T Vg, (5)
or

g ij (6)
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p P
where, 2 = Tkvk is geodesic curvature of the net (v,v,v
1 1°1 1723

. P
(Tsareva, 1990) and ¢1:l = %vl is the geodesic curvature vector
P
field of the net (117, v, 137) (Tsareva, 1990).

Also, k; =Kk c0s8, k, =K;sinf, k? =k?+k? and k, =
gkvke (8 = 6(s)) where 6 = 4(1271',1111') (Kofoglu, 2020).

There is the following relation among the vector fields of
these two frames (Kofoglu, 2020):

'Ui vi
1 1 0 (] 1
| v | = (0 cos6 sin0>| n' | (7
i 0 —sinf cosf/ | ,i
3 2
3. The Expression of Special Curves in Weyl
Space
Definition 1. Let C be a be a curve in three dimensional Weyl

space. C is called a general helix if the tangent vector field v of

C has constant angle ¢ with some fixed vector field u, i.e.,

g,—l-llﬂ'uf = cos@ = constant
where g;;u'u/ = 1.

Using Semin (1983), we can express the condition to be a
general helix in the following form:
Theorem 1. C is a general helix if and only if
K
— = constant
Kq
where Kk, and K, are the first and second curvatures of C.

With the help of Izumiya and Takeuchi (2004) and Kula et al.
(2010) and using prolonged covariant derivative, the following
proposition can be given:

Proposition 1. If C is a slant helix,
2
Ki < e K2>
———— | v*V,—) = constant
R R )

is satisfied.

Proof. Let C be a slant helix. Then C is a curve with x; # 0 and

s K . .
(vk Vi —2) is a constant function.
1 K1

Let C : y' = y!(5) be the spherical image of principal normal
vector field v of C (§ is the arc length parameter of C). Then, using

Frenet frame the following equalities are satisfied:
kyy i kyy i
vViy't = v*Vv
TRy =TV
kG i i i
vV, )a = —KqV' + KV
( VVKY 1Y 2Y

. K . K .
v =— L iy 2 yi (8)

1 1 3
2 2 2 2
\/K1+K2 \/K1+K2
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where 117 is the tangent vector field of C and a = a(s) =

/k§+k§.

The prolonged covariant derivative of 11_7i in the direction of v is
kyy =i kT i
vV vt = (v \/N% ) a
1 k3 1 kg

ST i — 16 350 — Bl

vV v =KV =¢C

1k 12 21
__ KKy Ky, 2 i
=2 2z \Y Vk
(k] +K3)%\1 K/ 1

xi

b (o402
(k2 +Kk2)2\1 ¥i )3

where K is the first curvature of C, 127 is the principal normal

€))

i

<

2

vector field of € and g“' is the geodesic curvature vector field of

the net (U, U, V).
(1 2 3)

The geodesic curvature of the spherical image of the principal
normal vector field of v is

(10)

2 inj 2 ky K2 2 "‘{
K, = --EE=E=[17V—] ——+1.
g gl]1 1 1 1 kx1 (K%+K%)3

Let us denote the first term of in the right hand side of the
above equality by o2. Then, we get

K = o2+ 1.

an

Since the spherical image of the principal normal vector field
v is a part of a circle in S2, ; must be non-zero constant and so
2

2 4
o2 = |oky, K2 F1
- k 2 233
1 Kl (x5 +K5)
or

(12)

is a constant function.

2
= . k Y i j = = . k Y i j =
Here 1y = gyj (117 Vk117 )127 ? and k1 = g;; (117 Vk137 )1271
2
—7.0
31
Further, by means of Kofoglu (2020), the following theorem
is valid:
Theorem 2. Let C be a curve which has non-zero Bishop
curvatures in Ws. C is a slant helix if and only if % is constant.
2
Using Semin (1983), we can write the following proposition:
Proposition 2. If C is a spherical curve,

=+ lvF( ky i)]—0 1=123
PV VW) =0 (=129

2 1

is satisfied.
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Proof. Let C be a spherical curve. If we choose center of the
sphere as origin, the position vector at any point of C satisfies the
following relation:

[gijxixi]z = R2,

(13)

Here R is the radius of the sphere and it is constant.

Taking prolonged covariant derivative of g;;x'x/ = R in the
direction of v, we get

gyv'x =0 (14)

where v is the tangent vector field of C.

Taking prolonged covariant derivative of (14) in the direction
of 11], we have

O3 AR -
gl](117 Vkl{)x +1=0
gijlcllzfixj +1=0
P i 1
vl = — L
94y x a (15)

where g; jlliillij =1, v is the principal normal vector field of C and

K, is the first curvature of C.

Taking prolonged covariant derivative of (15) in the direction
of 117, we obtain

.1
—Ky g0’ = ViV, —
1 K1

1 (16)
— vixj = —vkv J—
9y K1 Ky

where v is the binormal vector field of C, k, is the second

curvature of C, g;;v'v/ =0 andg,-ﬂl)ixi =0.
21

Again taking prolonged covariant derivative of (16) in the
direction of 11J, we have

Kpg;;v'x = v'V (lv"v i) (17)
2945 1 N\t Ky
where gl-j13711171 =0.
Using (15) in (17), we get
K 1 .1
2 4ly (—v"V —) =0 (18)
K1 1 Ky 1 Kq

which concludes the proof. o

With the help of Nomizu and Yano (1974) and Ozdeger and
Sentiirk (2002), the following definition and proposition can be
formulated:

Definition 2. C is called a circle if there exists a vector field z°
and a positive constant k such that
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vEV vt = kzt
1 1

iV, zt = —kv!
1 1
where g;;z'z/ = 1.

Proposition 3. If C is a circle, the equation
1y (kv 50 Ak 1 (kT ) i =
v (g V) + 0y (1) (1) y' = 0

is satisfied. Conversely, if C satisfies the above equation, C is
either a geodesic or a circle.

4. About The Spherical Images of a Curve in
Weyl Space

Definition 3. Let C be a curve in Wj. If we translate the first vector
field of type-1 Bishop frame to the center O of the unit sphere S2,
we obtain a spherical image C : u' = u’(3) (5 is the arc length
parameter of C). C is called tangent Bishop spherical image or
indicatrix of the curve C.

In order to investigate the relations between type-1 Bishop
and Frenet-Serret invariants we take the prolonged covariant
derivative of u' in the direction of 11J, we have

kyy o0 — i i
v vu' = k1111 + kZTZl (19)
kT 1) g — i i
(117 Vi.u ) a= k1111 + kZTZl (20)
iy — i i
117a—k1111 +k2121 (©2))

where 117i is the tangent vector field of C, gij117i113j =1land a=
a(s).
Taking the norm of both sides of (21), we get

= F K2 + 12 (22)

Let us take a = 1/ k? + k2. Hence, we obtain
k4

JH+H

sz + kZ @9

where k; = g;;¢'n’ and k, = g;:¢c'n/.
1 91]1 1 2 gljl 2

Taking the prolonged covariant derivative of (23) in the direction
of 117, we have

kg i _ (k0 550
vy = (PN
K3 A
NCEYIEE (’1’ ka_z)’f

K3 A
HCETIEAY "k)'z‘

gy + gyt

(24)

and
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Eﬁ’—kig(vv kl) i
T2\ Ki) T

+—k3 (v"V E) nt — v
(k§+k§)2 1 kkl 2 1

(25)

where k; = g;;¢'nf and k, = g;;c'n/.
1 gl]1 1 2 g”l 2

Taking the norm of both sides of (25), we get

2
K3 e K

_ v _)
([(ki+k§>2(’f “k;

3 2 1/2
+ "—( ky ") +1
(K2 +Kk2)2\1 ¥k,

and from (24) and (26)

1 k3 . ky
pol (g k)
2 Ky (K2 +k32\1 “K,

N 1 K3 ( ky kz) 1
—— n' ——v'
©y (k2 +k2)2\1 *kJ2 Ryt

(26)

@27

where K, is the first curvature of C, 1271 is the principal vector field

of €, 7'V =1, ky = gije'n/ and k, = gijc'n/.

We know that
?i = eijk?i?k- (28)
Using (23) and (27) in (28), we obtain
1 k3 .k,
7L ky, <
5 TR {[(ki + 12)52 (’1’ k kl)
k3 Ky LAV
T+ D)5 (’1’ "k_z) v (29)
— kz q'l + k1 7g'l
Jarig’ [grig” )

_ i j _ i
= g;;c'nt and k, = g;;c'n/.
gl]ll 2 gl}12

where k;

Taking the prolonged covariant derivative of (29) in the
direction of v and multiplying this expression by g;; 1271 , we get

1

Ky =

(% + 13)3 + K3 wkv, 2 i
{[117’V, (gkvkkz)] kq (k2 + k2)
- [11;’\'71 (117"ka1)] ky (K2 + k2) (30)
—3k? (117"ka1) (11:"ka2)
+3k,k, (117"ka1) (117"ka1)

—3k,k, (117"ka2) (117"ka2)
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+3 k2 (117"ka1) (117"ka2)}

where K, is the second curvature of € and g;;7'v/ =1, k; =
2 2
et/ and k, = g;;cin/.
'gUl 1 2 gl}1 2

Corollary 1. Let C be the tangent Bishop spherical image of C. If

% = constant, then the tangent Bishop spherical image u' =
2

u*(3) is a circle.

Proof. If we use Proposition 3, we have
’v,( "Vkv)

. k3 .k
lel 723/2 (v"V k1) n'
e\

k3 lV kV k i
e [yn(yng)]y

(K3 + kg)
. kK3 AN
fpn )y
(k% + k%) z
3D
kK3 0, ( v ky )
(@K ‘I
1
/k%ﬁ—k%
. ki +k3) AN
1 ( 1tkz Iy 1 i
{kz (117 Vlkz) kz +k2k1 ( Vl kz)}lf
- |K3 + kg(kﬂlf‘ + kzrzzi)
and
ky =i ky =j\ i
g4 (vo') (o)
(32)

=%@fﬁ{ ]Hﬁwﬁ

where k; = g;jc'n/ and k, = g;jc'n’.
11 1 2

Under the condition % = constant, using (31) and (32), we
2

obtain

'v,( k0,7 )+945 (117"Vk117i) (11zkvkzl7f) v =0 (33)

Hence, we see that, the tangent Bishop spherical image u’ =
u'(8) of C is a circle. o

Definition 4. Let C be a curve in W;. If we translate the second
vector field of type-1 Bishop frame to the center O of the unit
sphere S?, we obtain a spherical image F : f! = f1(3) (5 is the
arc length parameter of F). F is called n Bishop spherical image

or indicatrix of the curve C.

e-ISSN: 2148-2683

The relations between type-1 Bishop and Frenet-Serret invariants
are obtained by taking the prolonged covariant derivative of f* in
the direction of 117, we have

vV f! = —kyv! (34)
=k fi _ i
CaPLER X (35)
Sip — Ll
v b= k1117 (36)
where vi is the tangent vector field of F, g; ]v v’ =1land b=
b(s).
Taking the norm of both sides of (36), we get
b = +k;. 37)
Let us take b = —k;. In this case, we obtain
i — i
v=y 3%)

Taking the prolonged covariant derivative of (38) in the direction
of 11], we have

kg =i _ (kg 550 — kg i
vuy = (P9 p =y 39
7 osic_ — i i
M1127 ( kl) kl? + kz'le (40)
M9 = —ni — 2 (41)
12 1 kq2
Taking the norm of both sides of (41), we get
(42)
and
. 1 1k, .
vl:—_— l—_——nl (43)
2 M1 Mk, 2

where 127i is the principal normal vector field of F, g; j127i127j =1

and M; is the first curvature of F.

137i is the binormal vector field of F and it is defined in the

form:
i ik
v =€ VTN (44)
If (38) and (43) are used in (44), we have
. 1 . 1k, .
PV=——n'+—-—n' 45)
3 M;2 Mik{1

Taking the prolonged covariant derivative of (45) in the direction
of v, we get
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kv 5i — (33kT 330 — M 35t
vV (117 ng)b M,y (k1)
P
= —(17 Vk_—)nl
1 "M/2
ve 1V Kz (46)
+(17 Vk_—)—nl
M

and multiplying (46) by g;; 127j , We obtain

I_W 1 1 ( P kz) k1 kv kz 47
= = — — ) = — v =
2= Tk \§ k) T TR k4D
or
B gijc'w  [gic'
M; = — 211 zvk k 11'2' (48)
inj inj) 1 giic'n
(gij‘i' n ) + (gij(l: n ) 11

where M, is the second curvature of F.

Corollary 2. Let F be n Bishop spherical image of C. If % =
2

constant, then n Bishop spherical image f! = f!(3) is a circle.
Proof. By using Proposition 3, we get

17 (k0 350\ — 00 (1,k0 i

v (y0g) = 9 (o)
_ (l% i Iy i 49
(g'0uka) '+ (y'0uker ) 1 )
(1 + K))v!

and

93 (y97") (v*97') 7' = 9y (3*00y’) (3400’ '

= (ki + kp)v'

(50)

Summing (49) and (50), we have

v (v ) + gy (v0) (v07) 7 s
= ('17’71"1) ?i n (117’Vlk2) 721i

Using k; = k4 cos 0 and k, = k4 sin 8, we obtain
117’V,k1 = 117’V,(1c1 cos )
(52)
— (¥ _ Iy ;
= (117 V,:cl) cos 0 — k4 (11; V,B) sin @
and
117’Vlk2 = 117’V,(lc1 sin 9)

= (11;’le1) sin @ + K, (117’%0) cos O &)

e-ISSN: 2148-2683

ky k1
\%
T Vkky

where 8 = 6(s) = arccot% and Ilzkvke =
2

It is known that k; = \/k? + k3. In this case, we obtain

. . k>
117"ka1 = 117ka k3 [(k_2> + 1]

_ 1
2 2 : K415
ki + k5 — k;sin6 2 54
. k% + k3
. {kzlcl (117ka0) cos@ ( 1k§ 2)

.k
k 1
kol ('1’ Vi k )}

2

If % = constant, we have 117"Vk9 =0 and 117"Vk1c1 = 0. This
2

means 11]"ka1 =0 and zlikvkkz = 0. Using these results in (51),
Iy (kg 35i Mk i) (5, 350 ) i —
POy 0g) + oy (y07) (y0g)y =0 9

is obtained. So, it is shown that F : f{ = f{(3) is a circle. O
Theorem 3. Let F : fi = fi(3) be n Bishop spherical image of
C. If F is a general helix, then

2

(klz-l-kw (ykvk Z—j ) = constant

is valid.
Theorem 4. Let F : f' = f(3) be n Bishop spherical image
of C. If F is a slant helix, then

=k
kkaVk acs
1 1

CRETORE

(k3 + k3)*k,

e
320 Vi

Z “ = constant.
-k,
{(kf +k2)3 4kt ['fkvkk_l }
Since F : f! = fi(5) is a spherical curve, by using
Proposition 2, we can state the following theorem:

Theorem 5. Let F : f! = fi(5) be n Bishop spherical image of

C. In this case, the following equation

k—%<vkv E)—v""V ﬂz constant
2 +kD32\1 k) 1K TRz

is valid.
Theorem 6. Let F : fi = fi(3) be n Bishop spherical image of

C.If % = constant, then 137 is parallel translated along 117
1

Proof. From (46), it is known that
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e 1\k, . (56)
+ (17 Vk_—)—nl
1 M 1
and

-— (v"Vk _—) 111i (57)

14 14
is defined a'= v’ =T, v*¥' and it is named the
31 31p 31 p
Chebyshev vector field of the first kind of the net (117, 127, 137)

p P
Besides, 3171 = Tk117k is called the Chebyshev curvature of the first
3
kind of the net (117, 127, 137) (Tsareva and Zlatanov, 1990).

where a'
31

By taking prolong covariant derivative of ML in the direction
1

of v, we get
1

ka

1 M1 '

~w@ i (g,
2

By using (58) in (57) and by considering the condition i— =

1
constant, we have

ai=0. (59)

It means that 137 is parallel translated along 117 O

Definition 5. Let C be a curve in Wj. If we translate the third
vector field of type-1 Bishop frame to the center O of the unit
sphere S2, we obtain G : g' = g'(5) (§ is the arc length
parameter of G). G is called rzli Bishop spherical image or

indicatrix of the curve C.
Let us express the relations between type-1 Bishop and

Frenet-Serret invariants similarly by taking prolonged covariant
derivative of g* in the direction of v, we get
1

ky i — _ i
vVig' = —kv (60)
=k i — i

Sl — i

where 117i is the tangent vector field of G, g; j117i117j =1andc=

c(s).

e-ISSN: 2148-2683

Taking the norm of both sides of (62), we have

c = Fk,. (63)
Let us choose ¢ = —k,. Then, we obtain

=i i

7=7 (64

By taking prolonged covariant derivative of (64) in the direction
of 117, we have

kg wi — (kg 5i) ¢ — 1k, i
YUy = (PO c =y ©3
T 51 — i i
H1127( k2) kin' + kon (66)
(67)
(68)
and
. 1k , 1 .
V'=————n'"—=n" (69)
2 Hik;1 H;:2

where 127i is the principal normal vector field of G, gij127i127j =1

and H; is the first curvature of G.

7' is the binormal vector field of G and it is expressed as
3

follows:
v = €pd'v, (70)
By using (64) and (69) in (70), we have

111i. (71)

Taking the prolonged covariant derivative of (71) in the
direction of v, we obtain

kv =i — (kG 550 — W i
117ng —(117 Vk!;)c— sz( k,)

— (kv )kl i
= k3D

1,k (72)
(V0 )

T H, k) 2

(kv i) i

1 "H,

and then multiplying (72) by g; j127j , we get
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_ 1,21 ky k, k,
= () 5 (%) (i) O
2" \H,) k “ky) T K2+ K2 Kk, (73)
or
- 9uc'y v, [995 Y
H,= 0 - T e (74)
(gycn ) + (gyc'n) 77

where H, is the second curvature of G.

Corollary 3. Let G be n Bishop spherical image of C. If z—; =
constant, then n Bishop spherical image g' = g'(8) is a circle.
Proof. It is the same with the proof of Corollary 2. o
Theorem 7. Let G : g' = g'(3) be n Bishop spherical image of
C. If G is a general helix, then
2
(kf-l—kw (117ka :—: ) = constant

is satisfied.
Theorem 8. Let G : g* = g'(5) be n Bishop spherical image of
C. If G is a slant helix, then

Jey (2 + 12)* [ oo s
o }3/2 (U + k2)3/2 “k,

{(kf + K3 + ket vk, 12
= Constant
is valid.

Since G : g' = g'(5) is spherical curve, with the help of
Proposition 2, we can state the following theorem:

Theorem 9. Let G : g' = g'(5) be n Bishop spherical image of C.

In that case, the following equation

VI + k3

(’Cf:{w(?kvk I]i—:) - 117" X = constant
is satisfied.
Theorem 10. Let G : g* = g'(5) be n Bishop spherical image of
C.If I;—: = constant, then 137 is parallel translated along 117

Proof. With reason of equation (72), the following equality can
be written:

- . k o1y
PV, v = al = ——;(vkvk _—) n
1 73 31 k3 \1 H,/2
L2 (w0 kl) ‘ (75)
—— = |V —n
k,H, kkz 2

1(kv 1)1
T\ E,

Taking the prolonged covariant derivative of 1n the direction of

v, we get
1

e-ISSN: 2148-2683

1 N ( e k1>

o
VVy=—=———5—"——=|V —.
1 “Hy (G +K2)32\1 “k,

(76)

Using (76) in (75), under the condition % = constant, we obtain
2

—i _
a=0. (77)

So, we see that g is parallel translated along 117 mi

5. Conclusions

In this work, we have defined some special curves, such as
general helix, slant helix, spherical curve and circle in Weyl space,
by using prolonged covariant derivative. Later, we have examined
the spherical images of a curve and the conditions to be special
curves of these images. Further, we expressed the relations among
the vector fields of Frenet-Serret and Bishop frame belonging to
the images. We have seen that, all of the concepts discussed can
be written in terms of Bishop curvatures. Earlier, the equivalents
in Weyl space of Bishop curvatures were obtained. Thus, they
were used in this discussion. Finally, parallel displacement
condition for binormal vector fields of n and n spherical images

was formulated.

Acknowledgement

The author would like to thank the anonymous reviewers for
providing very insightful and constructive comments.

References

Bishop, R. L. (1975). There is more than one way to frame a
curve. The American Mathematical Monthly, 82(3), 246-251.

Biik¢ii, B., & Karacan, M. K. (2007). The Bishop Darboux
rotation axis of the spacelike curve in Minkowski 3-space.
Ege University Journal of Faculty of Science, 3(1), 1-5.

Biikgii, B., & Karacan, M. K. (2008a). Special Bishop motion and
Bishop Darboux rotation axis of the space curve. Journal of
Dynamical Systems and Geometric Theories, 6(1), 27-34.

Biik¢ii, B., & Karacan, M. K. (2008b). On the slant helices
according to Bishop frame of the timelike curve in Lorentzian
space. Tamkang Journal of Mathematics, 39(3), 255-262.

Biikgii, B., & Karacan, M. K. (2009). The slant helices according
to Bishop frame. International Journal of Computational and
Mathematical Sciences, 3(2), 67-70.

Izumiya, S., & Takeuchi, N. (2004). New special curves and
developable surfaces. Turkish Journal of Mathematics, 28(2),
153-164.

Karacan, M. K., & Biikgii, B. (2008). Bishop frame of the timelike
curve in Minkowski 3-space. Suleyman Demirel University
Journal of Science, 3(1), 80-90.

Kofoglu, N. (2020). Slant Helices According to Type-1 Bishop
Frame in Weyl Space. International Mathematical Forum
15(4), 163-171.

Kula, L., Ekmekci, N., Yayl, Y., & Ilarslan, K. (2010).
Characterizations of slant helices in Euclidean 3-space.
Turkish Journal of Mathematics, 34(2), 261-274.

Nomizu, K. & Yano, K. (1974). On circles and spheres in
Riemannian Geometry. Mathematische Annalen, 134, 163-
170.

457



Avrupa Bilim ve Teknoloji Dergisi

Ozdeger, A. & Sentiirk, Z. (2002). Generalized circles in Weyl
spaces and their conformal mapping. Publ. Math. Debrecen,
60, 75-87.

Semin, F. (1983). Differential Geometry I. Istanbul University.

Tsareva, B., & Zlatanov, G. (1990). On the geometry of the nets
in the n-dimensional space of Weyl. Journal of Geometry,
38(1-2), 182-197.

Yilmaz, S. (2009). Position vectors of some special spacelike
curves according to Bishop frame in Minkowski space E3.
Scientia Magna, 5, 47-49.

Yilmaz, S., Ozyilmaz, E., & Turgut, M. (2010). New spherical
indicatrices and their characterizations. Analele Stiintifice ale
Universitatii Ovidius, 18(2), 337-354.

e-ISSN: 2148-2683 458



