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Abstract. In this paper, we investigated special Smarandache curves belonging to Sabban frame drawn on the surface of the sphere
by Darboux vector of Mannheim partner curve. We created Sabban frame belonging to this curve. It was explained Smarandache
curves position vector is consisted by Sabban vectors belonging to this curve. Then, we calculated geodesic curvatures of this
Smarandache curves. Found results were expressed depending on the Mannheim curve.

Introduction and Preliminaries

A regular curve in Minkowski space-time, whose position vector is composed by Frenet frame vectors on another
regular curve, is called a Smarandache curve [8]. K. Tagkoprii, M. Tosun studied special Smarandache curves accord-
ing to Sabban frame on S? [9]. Senyurt and Caligkan investigated special Smarandache curves in terms of Sabban
frame for fixed pole curve and spherical indicatrix and they gave some characterization of Smarandache curves [1, 2].
Senyurt et al. investigated special Smarandache curves according to Sabban frame for the curve drawn on the surface
of the sphere by the unit Darboux vector of Bertrand partner curve and this gave some characterization of Smaran-
dache curves [10]. Let « : I — E? be a unit speed curve denote by {T', N, B} the moving Frenet frame. For an arbitrary
curve a € E3, with first and second curvature, « and T respectively, the Frenet formulae is given by [5]

T"=kN, N =—-«T+71B, B =-tN (1)

the vector W is called Darboux vector defined by

W =1T + kB.
1 T K
If we consider the normalization of the Darboux C = —— W we have, singp = — and cos ¢ = —
Wil 7wl 7wl
and
C =sin¢T + cos¢B 2)

where Z(W, B) = ¢, [4]. Let @ and «, be the C2-class differentiable two curves and T,(s), N,(s), B,(s) be the Frenet
vectors of «,. If the binormal vector of the curve ¢, is linearly dependent on the principal normal vector of the curve
a, then (@) is defined a Mannheim curve and (@,) a Mannheim partner curve of (@), [3, 6, 7]. The relations between
the Frenet vectors we can write

T, =singT +cospB, N, =-cos¢l +singB, B, =N 3)
and the curvature and torsion we get
K K

K =@ —— T = —. (4)
S T e
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where n = = constant. Lety : I — S? be a unit speed spherical curve. We can write

_k

K2+ 12
¥(s) = y(s), t(s) =y (s), d(s)=y(s) At(s), [9] (5)

{y(s),1(s),d(s)} frame is expressed the Sabban frame of y on § 2. Then we have equations,

Y'(s) = 1(s), 1'(5) = —y(s) + Ke(8)d(5), d'(s5) = —ko(5)t(s), [9]. (6)

where , is expressed the geodesic curvature of the curve y on S? which is

Kg(8) = (7' (5),d(5)) [9]. (N

Smarandache curves According to Sabban Frame for Darboux vector of Mannheim
Partner Curve

Let (C,) be a unit speed spherical curve on S2. Then we can write

C

1

=sing, T, +cosp, B, Tc =cosg T, —sing B, C, ATc =N,. )

where £(C,, B,) = ¢,. Then from the equation 6 we have the following equations of (C,) are

, , W, I ,_ Wil
Cl = Tcl s TCl = —C1 + TCI A TCI’ (Cl AN Tcl) = ——,Tcl . (9)
1 1
From the equation 7, we have the following geodesic curvature of (C,) is
W
ke = (T, ,Cl/\TCl)::»Kg:u. (10)
! ®

Definition 1 Let (C)) be a spherical curve on S2. C, and Tc¢, be unit vector belonging to (C,). In this case, -

Smarandache curve can be defined by
1

Bi(s) = \/§(Cl +Tc¢). (1D
Theorem 2 The expression according to the Mannheim curve of geodesic curvature belonging to B1-Smarandache
curve is
. 1 1= 1- -
¢ =% (—/11 -—=A+ 213), (12)
(2 + iz)E 7 7

where coefficients are

I ( [[W]| )'m' Vi? + 12

= - (13)
o\ IWP ¢
and 1 11 1 1 11 1 1 1
A==2-—=+——, LL=-2-3——-———— , B3 =2—+ — +2— (14)
o2 oo o2 ot oo o o3 o’
Proof. Substituting the equation 8 into equation 11 we obtain
1 . .
Bi(s) = @((sm 9, +c0sg)T, + (cosg, —sing))B, ) (15)
If equation 11 derivative is taken, we can write
Ty, = @,'(cos @, — singpl)T N W N - @,’(cos ¢, +sin<p])B (16)

20T F W 2o 2+ W e IWE
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Considering the equations 15 and 16 we get

W ||(cos ¢, + sin ! W, |l(cos ¢, + sin
ﬁl/\Tm:” I(cos ¢, ) ¢, N,+” lI(cos ¢, %)Bl' a7

2W, 11 +4(p,")’ e 4p) 20,17 +4(e,")’

If equation 16 derivative is taken, where coefficients are

W\ (W, I (1w W\ (W I (WY W W, AN ANY
/11:—2—(” l,II) +(|I ,/II)(II 1,II), /12:_2_3(” ,/II) _(II l,II) _(II ,,II)(II ,/II)’ /13:2(” l,II)+(II l,II) +(|I ],II) (18)
@, @, (A (A (" (2 @ L2 L2 [

impending T[;] is, we reach

4 . A N .
, ((p,') V2(A; sing, + A, cos g,) /13(501 ) V2 (gol ) V2(4; cos g, — Ay sing,)
T, = T + N, + B, 19)

. (w07 + (6.7} (1.1 + (<,o,')2)2 | (1.1 + (so,/)z)2

From the equations 17 and 19, IJ;‘ geodesic curvature according to Mannheim partner curve of the 3, is

1 (IIWIII/l Wil

Ly //12+2/l3). (20)
(2+(%)2)g @ ¢,

From the equations 3 and 4, Sabban apparatuses according to Mannheim curve of the §;-Smarandache curve are

_ (@ +[[Wihsing ¢ — Wl (¢" + W) cos ¢
,31(S) = - + B
20 +2||W|P? V22 + 2| W V2¢? + 2 W
Ty (s) (¢ = IWlhasing — VIWI? + ¢ Cosp . o’ + WD)
| VIWIE + @2 V1 + 202 VIWIR + 2 V1 + 202
N VIWIP + ¢ sing = (W] = ¢')o cos 5
VIWIR + @2 V1 + 202
B ATy (s) = (Wl = ¢") sing = 20 VIWIP + ¢ Cos¢.. ¢ +alWi
1 B -
' V2 + 42 WP + ¢ V2 + 42 WP + ¢
+(IIWII +¢)cosp + 20 VIWIP + ¢ SimPB
V2 + 42 WP + ¢2 ’
1 1= 1= -
PANE —5(—/11 -~ + 213),
(2 + %)E T 9
where
1 e ( Wl )w«/m
o AWl A e+ WP ¢
impending coefficients are
- 1 11 = 1 1 11 = 1 1 1
A =-2-—+—— bh=-2-3—————— A3 =2— + — +2—
o oo o ot oo o o3 o’

Definition 3 Let (C,) be a spherical curve on S*. C, and C, A Tc¢, be unit vector of (C)). In this case, B>- Smaran-
dache curve can be defined by
1

Ba(s) = NG

(C, +C, ATc). 1)
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Theorem 4 The expressions according to the Mannheim curve of Sabban apparatuses belonging to f3»-
Smarandache curve are

B(s) = W]l sin ¢ — 90’2+IIWI|20<>S<pT+ ¢ N4 Ve'2 + [W])? sing +[|Wilcos g
V297 +2||W|)? V2¢'? +2||W|)? V2¢'? +2||W|]?
/’ M W ’
Ty(s) = —20¢ Wl _¢lcose
VIWIR+¢2 AIWIR+¢? AIWIE+¢?
B ATp(s) = ~IWlising — VIWIP +¢?cose, . ¢ N+ VIVIZ +¢7sing — [IWlicos ¢
’ V2IWIP? +2¢ V2IWIP? + 2¢ V2IWI? + 2¢ ’
1+o0
s = (22)
-

Proof. The proof is similar to the proof of Theorem 2.

Definition 5 Let (C,) be a spherical curve on S>. Tc, and C, A Tc, be unit vector of (C)). In this case, B3-
Smarandache curve can be defined by

1
Fa(s) = ~5(Tc, + € A Tc)). (23)
Theorem 6 The expressions according to the Mannheim curve of Sabban apparatuses belonging to f33-
Smarandache curve are
B1(5) ¢'sing — VIWIE + ¢ cosg,. VI, VIWIP +¢7sing + ¢/ cosp
3(S = >
V2972 + 2 WP V2¢'* + 2| WP V2977 + 2| W2
o = "MW+ cosg— @+ olWsing, W0y
V2 + a2 AIWIR + ¢ V2 + a2 [IWI2 + ¢?
N VIWI? + ¢ sing = (W] + ¢') cos ¢ 5
V2+ 2 VWP + ¢
BnTy = CWI=oeising = o NIWP 4 ¢ cose,  2¢ - alW]
' VA 202 WP + ¢2 VA 202 WP + ¢2
N QW = o¢’) cos ¢ + T VIIWIP + ¢ SiH‘PB
V44202 \IWIR + ¢ ’
/fgg'*(s) = —S(ZO'SAl —otn, + 0'4A3), (24)
2 +0?2)2
where coefficients are
1 1 11 1 1 1 1 1

(25)

1
A=—42—+2——, M=-1-3—=5-2——-—, M3=—-——-2— + —.
T o3 oo F o2 o o 7P o2 ot o

Proof. The proof is similar to the proof of Theorem 2.

Definition 7 Let (C,) be spherical curve on S*. C,, Tc, and C, A Tc, be unit vector of (C)). In this case, Pa-
Smarandache curve can be defined by

Ba(s) = %(Cl +Tc +C, ATc,). (26)
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Theorem 8 The expressions according to the Mannheim curve of Sabban apparatuses belonging to f4-
Smarandache curve are

(¢’ +IWIDsing — o= +[WIEcosg,. ¢~ [WII Ve + WP sing + (¢ + W) cos ¢

Ba(s) = N+ B,
3¢ + 3||W|P? 3¢ + 3||W|P? 3¢ + 3|IW|P
/ 1 2 72 B
) = (o = Dy’ = lIWll) sing — VIWIP + ¢ cose__ag+@-DIVI
4
V2(1 = o + ) VIWI? + ¢’ V2(1 = o + a) IWI? + ¢’
VIWIP + ¢ 2 sing — (oWl + (1 - 0)90’)008903
+ 9
V20 - o+ )P + ¢
Be A Ts(s) = (2 =)Wl = (1 + a)¢') sing — Qo) VIWIP + ¢ cosp. Q- +(1L+ o)Wl
) V6 =60 + 652 \IWIP + 2 V6 =60 + 652 \IWIP + ¢2
(@-o)lIWI+ (L + o)) cosg + 20 — D VIWIP + ¢’ sing
V6 =60 + 652 \IWIP + ¢ ’
/f;“(s) _ Qo* — )y — (0 + )y +S(20'5 -0 , 27
4V2(1 - o+ 02)3
where coefficients are
1 1 1 1,1 1 1 1 1 1 1 1 1 1 1 1 1
x| = —2+4;—4;+2;+20—_1(2;—1), Hy = —2+2;—4;+2;—2;—;(1+;), H3 = 2;—4;4—4;—2;4—;(2—(%2

Proof. The proof is similar to the proof of Theorem 2.
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