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Abstract: In this paper, we obtain spinor with two complex components representations of Mannheim curves of framed
curves. Firstly, we give the spinor formulas of the frame corresponding to framed Mannheim curve. Later, we obtain the
spinor formulas of the frame corresponding to framed Mannheim partner curve. Moreover, we explain the relationships
between spinors corresponding to framed Mannheim pairs and their geometric interpretations. Finally, we present some

geometrical results of spinor representations of framed Mannheim curves.
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1. Introduction

The theory of spinors, especially used in applications to electron spin and theory of relativity in quantum me-
chanics, was expressed by B.L. van der Waerden in 1929. In three dimensions, spinors are used to describe
the spin of the nonrelativistic electron and other spin-1/2 particles. They are also used to describe the state
of relativistic many-particle systems in quantum field theory. Nowadays, spinors have a wide place in physics
applications, mathematics, differential geometry, topology, and complex algebraic geometry. Spinors were first
studied by Elie Cartan in a geometrical sense [1]. Cartan gave spinor representations of basic geometric struc-
tures. Therefore, this became an important reference for the geometric structure of spinors. Other important
studies in terms of geometrical analysis of spinors were given by Vivarelli, and del Castillo and Barrales [2, 17].
Vivarelli, introduced spinor representations of rotations in three-dimensional Euclidean space and gave the re-
lations between quaternions and spinors. On the other hand, del Castillo and Barrales expressed the spinor
formulas of the Frenet frame of curves, which is an important structure in differential geometry. After this
pioneering work of del Castillo and Barrales, researchers gave spinor representations of regular curves according
to Darboux, Bishop, and Sabban frames [11, 14, 16].

Spinor representations of curves with respect to different frames are given for regular curves. This is
due to the inability to construct an orthonormal frame for singular curves. Therefore, the natural structure of
spinors cannot be constructed. However, recently, so-called “framed curves” in space have been introduced by
Honda and Takahashi to study singular curves [7]. Framed curves are smooth curves that can be defined by a

moving frame, although they have singular points. Framed curves have become quite popular in the literature.
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In fact, framed curves can be thought of as the construction in space of Legendre curves or spherical Legendre
curves in plane and space [6, 12, 15]. In the literature, there are many studies about existence and uniqueness
conditions of framed curves [5], framed special curves [18-20], the surfaces created with framed curves [8, 10].
One of these studies is Bertrand and Mannheim curves of framed curves in space were given by Honda and
Takahashi [9]. A Mannheim curve is a space curve whose principal normal line is the same as the binormal line
of another curve [13]. In [9], in addition to the singular Bertrand and Mannheim curves, the regular Bertrand
and Mannheim curves were evaluated by adding the condition of being nondegenerate. It is also shown that
framed Bertrand curves are also framed Mannheim curves. This is an interesting characterization as there is

no such result for regular curves.

In this paper, we give spinor with two complex components representations of Mannheim curves of
framed curves in Section 3.1. We obtain the spinor formulas for frame of framed Mannheim curve, (Theorems
4.2 and 4.3). Later, we give the spinor formulas of the frame corresponding to framed Mannheim partner curve,
(Theorems 4.4 and 4.5). Moreover, we investigate the relationships between spinors corresponding to framed
Mannheim pairs (Theorem 4.6). Finally, we give some geometrical interpretations of spinor representations of

framed Mannheim curves.

2. Spinors

A spinor can be represented by

=T ( - >
£
for

x+iy =c'oe, z=—E've, (2.1)

where the reel vectors x,y,z and the “t” denotes transposition and & is the conjugate and Z is the complex

conjugation of ¢, as follows:

() (2)-()

Moreover, o = (01,02,03) is a vector whose cartesian components are the complex symmetrics 2 x 2 matrices

/10 (i 0 (0 -1
1= o 1) 27\Vo i) 7\ -1 0o )

For the isotropic vector = + iy = (a1, as,as), we can write:

ay = cloje =i — €3,

az = e'oge = i(e] + £3),

asz = eloge = —2¢1€9.
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For the real vector z = (b1, ba, b3), we can write:
by = </€\t0'1€ = €1E9 + E1€9,
by = é\tUQS = i(€1§2 — ?152),

b3 = é\tdgé’ = |€1|2 — ‘€2|2.

Then, z +iy € C? and z € R? are given as follows:

T+ iy (e — €3,i(e? + €3), —2e1e2),
z = (e182 +E169,i(e182 — E182), 61 |* — |e2f?).

(2.2)

Since the vectors x + iy € C3 and z € R3, it can be seen easily that the vectors z, y, and z are mutually

orthogonal vectors, really we get:

(z + iy, x +iy) = (z, ) + 2i(z,y) — (y,y) =0,

(z,2) = (y, ), (x,y) =0,

(x + iy, 2) = ((5% e3i (5% + 5%) , —25152) (5152 +E162,i (6182 — E162) , |e1|? — |52|2)> =0,
(x + 1y, z) = (x,2) + iy, z) =0,

(z,2) = (y,z) =0.

Moreover, since ||z|| = (|e1|? + |e2|?), and ||z + iy||*> = (x + iy, T + iy) = 2(|e1]* + |e2|*)?, we get ||z + iy[|? =
lz)? + lyl? = 2(|e1]? + |e2/?)? and ||z|| = ||y|| = ||z|| = E'€ and (x A y,2) = det(z,y,2) > 0. Conversely, if

the vectors x, y and z one another orthogonal vectors of same magnitude (det(z,y,z) > 0), then there is a

spinor defined up to sign such that the equation (2.2) holds. The correspondence between the spinors and the

orthogonal bases (for the equation (2.2)) is two-to-one because the spinors ¢ and —e correspond to the same

ordered orthogonal bases {x,y,z} with ||z| = ||y|| = ||z]| and det(x,y,z) > 0. Moreover, the ordered triads

{z,y,2},{y, z, 2}, {z, 2,9y} correspond to different spinors. The set {&,¢} is linearly independent for the spinor

e #0 [1, 2]. In addition, the following proposition can be given:

Proposition 2.1 [2] Let € and ¢ be arbitrary spinors and A1, Ay € C. Then, we get:

i. oloe = —pl'oE,

1. (Mo+ Aag) = )\71@\-1- )\725,
z

jii. £= —¢,

. oloe =¢lop.

3. Framed curves

Let v : I — R3 be a curve with singular points. To construct framed curves, a three-dimensional smooth

manifold structure is defined as follows:

AQ:{H’:(/U‘DIU’Q)GRSXRS | <,uiap’j>:5ij7 233:132}

The vector v is a unit vector defined by v = puy A po. Hence, the definition of a framed curve is given as follows:
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Definition 3.1 (7, p1, p2) : I — R3 x Ay is called a framed curve if (v (s),pi(s)) = 0 for all s € I and
i=1,2. v:I— R3 is said that a framed base curve if there exists (uy, pu2) : I — Ay such that (7y, p1, p2) is a
framed curve [7].

Moreover, {v, ui1, 2} is a moving frame for (v, ui,u2) : I — R® x Ay and the Frenet-type formulas are as

follows:
v'(s) 0 —m(s) —n(s) v(s)
wis) | = ms 0w | mes) ). (3.1
5 (s) n(s) —l(s) 0 p2(s)

Here it is clearly seen that I(s) = (u)(s), pa(s)), m(s) = (uy(s),v(s)) and n(s) = (uy(s),v(s)). Moreover, a

smooth mapping « : I — R characterizing the singular points of the curve is given as

In addition, s¢ is a singular point of the framed curve v if and only if a(sg) = 0. The mapping (I, m,n, @)
are called the curvature of the framed curve (v, u1,p2). Moreover, the existence and uniqueness theorems for

these curvatures are given in [5]. Moreover, the (fi1, fi2) € Az is defined by

firls) \ _ [ cosu(s) —sine(s) ) (m(s 52)
o) simt(s) cosls) )\ pals) ‘
where 9(s) is a smooth function. By using (3.2), the Bishop frame of the framed curves with the condition

I(s) = ¢'(s) and the Frenet frame with the condition m(s)sint(s) + n(s)cost(s) = 0 are obtained. See

[5, 7, 18] for a detailed review of framed curves.

3.1. Mannheim curves of framed curves

Definition 3.2 [9] Let (v, u1,u2) and (3,7, 0s) : I — R3 x Ay be framed curves. If there exists a smooth
function X : I — R such that 7(s) = v(s) + A(s)p1(s) and p1(s) = fiy(s) for every s € I, the framed curves
(v, 1, ) and (7,7q,y) are called Mannheim mates. Here, the curves (v, p1, o) and (7,7, ) are called

as framed Mannheim curve and framed Mannheim partner curve, respectively.

Additionally, the following equation holds since p1(s) = fiy(s):

(1) = (st el (), 55

On other respect, the following relations are satisfied between the framed Mannheim mates:

1(s) = —I(s)sintp(s) — m(s) cosiy(s),

(3.4)
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Theorem 3.3 Let (v, ju1, pt2) : I — R3 x Ay be a framed curve with the curvature (I,m,n, ). Then (7, p1, po)
1s a Mannheim curve if and only if there exist a nonzero constant A and a smooth function ¢ : I — R such
that

Al(s)sin(s) + (a(s) + Am(s))cosyp(s) =0 (3.5)

forall s eI [14].

4. Spinor formulations of framed Mannheim curves

In this section, firstly, we investigate the spinor formulations of Mannheim partner curves of framed curves in

the three dimensional Euclidean space.

Definition 4.1 Let (7,7, 1) : I — R3x Ay be a framed Mannheim partner curve, and the spinor & corresponds
to the triad {U, Ty, iy} . Then, the following equations

v4if =o€ (4.1)

and

fiy = —€'0¢ (4.2)
can be written. Here Etﬁ =1.

Now, we present the following theorem:

Theorem 4.2 Let (V,7i;,1) : I — R3 X Ay be a framed Mannheim partner curve and the spinor & corresponds
to the triad {U, Ty, o} . Then, the following single spinor equation which contains the curvatures of Mannheim

curves of framed curves is satisfied:

%: %(im§+ (- 1)). (4.3)

Proof Via differentiation of the equation (4.1) with respect to s, then we get,

t
dv  dp, [ dg dg§
i <d8> of+ o <ds> (4.4)

In other respect, the following equation can be written because of the fact that {¢, §A } is a basis for spinors.

d¢ R
T = fe+ gt (45)

where f and g are any complex valued functions. According to equation (4.4), by using the equations (3.1),
(4.1), (4.2), and (4.5), we get:

A~ ~

(=M, — ) +1i (I, +MmD) = (ff + gé)t o€ + o (fE+ gé),

i (U +ify) + (~ i) Iy = 2f (7 + i) — 297,
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From the last equation, the following can be written:

F=4 (4.64)
m—il
g=—G (4.6b)
That is,
¢ (im m—il\ ~
ds \ 2 &+ 5 )¢
O

Theorem 4.3 Let (7,7, 1) : I — R3x Ay be a framed Mannheim partner curve and the spinor & corresponds
to the triad {U, 1,5} . Then, the spinor equations of the framed vectors are given as follows:
— 1 t o
v =3 (ot - €t).

A~
I

i = 2 (€0t + o)

=
=
I

fiy = —€o€.

=
)
I

Proof Suppose that the spinor £ corresponds to the triad {7, 7,5} of the framed Mannheim partner curve

(7,741, Hiz) - According to the equation (4.1), we get 7 = Re(¢'o€) and 1y = Im(E'0€). Then,

7 .
i = — (§log — €0t
and
I e
v =3 (ot +Eg)
are written. By using the equation pto€ = —@%E , we obtain:
_ i n
iy = —5 (¢'0€ +&ot)
and
1y, A o
v =3 (glog - ot).
In addition to these, we know already 7, = —é\tof from the equation (4.2). O

Now, let us think the framed Mannheim curve (v, pu1,u2). The spinor ¢ corresponds to the triad
{p2,v, 1} of the curve. Therefore,

p2 +iv = plogp, (4.7)
= —¢op, (4.8)

where @'y = 1 Then, the following theorem can be given.
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Theorem 4.4 Let (v, pu1, pu2) : I — R3 x Ao be a framed Mannheim curve and the spinor ¢ corresponds to the
triad {pa,v,u1}. Hence, the following single spinor equation that includes the curvatures of framed curves is
written as:

de

[(—in)p+ (I+im)Q].

1
ds 2
Proof By differentiation of the equation (4.7), we get:

t
dpe  dv dp t do

— = — —_ 4.
ds st < s) OSO_HOOds (4.9)

Moreover, since {¢, p} is a basis of the spinors, the following equation can be obtained:

dp N
- . 4.1
s fo+g9p (4.10)

where f and ¢ are any complex valued functions. According to equation (4.9), by using the equations (3.1),
(4.7), (4.8), and (4.10), we get:

(—lps +nv)+i(—mu —np) = (fo+98) op+¢'a(fo+ 9),
—in(p2 +iv) + (=l —im)p = 2f (p2 +iv) — 291

Hence, we have:

—in
f=—

l+im
9=

Consequently, we get:

O

Theorem 4.5 Let (v, ji1, pu2) : I — R3 x Ay be a framed Mannheim curve and the spinor ¢ corresponds to the

triad {po,v,u1}. Then, the spinor equations for the framed vectors are as follows:

1

v=-—5 (p'op +¢'0p),
p = —¢'op,
_ 1 t _ ~t __ -~
uz—g(ww ?'0Q).

Proof By using the equation (4.7), we have us = Re(¢top) and v = Im(p'op). Then, we can write:

1

5 (sotw — sotw) :

1%
1/, _
po = 5(@ 0<P+<PtU<P) :
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Therefore, similar to Theorem 4.3, by using the equation ¢top = —p'cp, desired is achieved, and the proof is

completed since p; = —@top from the equation (4.8) we know already. O
Theorem 4.6 Let (7,1, 9) and (v, 1, u2) be framed Mannheim mates, and the spinors & and ¢ correspond
to triad {U, iy, s} and {usa, v, u1}, respectively. Then, the following relation is satisfied:

»

E=4e'zgp (4.11)
where 1 is an angle between the U and o .
Proof According to equation (3.3), we know the following equations:
U = cosYs — sinyv,
iy = sint s + cos u.
In that case, for the vector ¥ +ifi; € C3, we get:

T+ 7, = (costpe — sine) v+ i (sin g + cosypv),
= (—sint +icosth) v + (costh + isin) ua,
=i (costp +isiney) v + (costh + isine)) pa,
= (costp +isiney) (ug + iv)

=™ (g +iv).
Then, we have:
Uil = e (ug +iv)
where v is an angle between the 7 and uy. Hence,
ot = e (¢'ap)
can be written. Considering that

flof = (& - 6,1 (8 +8),-26&),

plow = (¢i — 3.0 (e +¢3) , —20192) ,
then we get £2 = e¥? and &2 = eV 2. Therefore,
&= :I:ei%}go
can be seen. O

Corollary 4.7 Let (7,01, 5) and (7, p1, p2) be framed Mannheim mates, and the spinors & and ¢ correspond

to triad {U, iy, s} and {usa, v, u1}, respectively. Then, the angle between & and ¢ is %
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Corollary 4.8 Let (7,71, 2) and (v, u1, t2) be framed Mannheim mates and the spinors £ and ¢ correspond
to triad {U,fi,, s} and {pz2,v, u1}, respectively. The relation between conjugations of the spinors is
£=+e 7§ (4.12)

Proof By taking the conjugation of the equation of the equation (4.11), then we get:

~

€= (xe'% N

Additionally, by using the equation (A + p&) = A\p + ﬁg , we get the equation (4.12). O

Corollary 4.9 Let (7,711, 15) and (v, p1, p2) be framed Mannheim mates and the spinors £ and ¢ correspond

to triad {U, i1, iy} and {ua, v, 1}, respectively. While there exists a rotation with the angle % between spinors

& and @, there exists a rotation with the reverse angle % between the spinors E and o .

Corollary 4.10 Let (3,71, fiy) and (v, p1, p2) be framed Mannheim mates and the spinors € and ¢ correspond
to triad {U,fi,, s} and {p2,v, u1}, respectively. Then, the following equation holds:
¢ 1

£:§{Z (M—n)f—l—ew(l—i—im)g . (4.13)

Proof Let the spinors £ and ¢ correspond to triad {7, Ty, Ty} and {pe, v, u1}, respectively. With the help
of the equation (4.3) and (3.4), we get:

e 1

T i —n)é+ (lcosd)fmsinz/)fi(flsinwfmcosw))g]

’i(l/)/ —n)¢ + (I(cosyp +isiny) — m(siny — icos 1/}))5]

i(wl —n)& 4+ 1(cos ) + isin)) + im(cos ) + isin w)fj

N~ N~ N~ N

i@ —n) &+ @ +img].
O

Corollary 4.11 Let (3,11, fiy) and (7, p1, p2) be framed Mannheim mates and the spinors & and ¢ correspond
to triad {U, iy, iy} and {ua, v, p1}, respectively. If the angle between the U and po is v, then the angle between

d ~ ,
d—i and £ is also ¥ provided that ¥ =n.

Corollary 4.12 Let (7,71, fiy) and (v, p1, p2) be framed Mannheim mates and the spinors & and ¢ correspond
d

to triad {U,[i,, i} and {pe,v, u1} respectively. In that case, the angle between the spinors an and @ is 5 on
s

condition that 1/1/ =n.
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Proof According to the equation (4.13), we have:

d 1 ) ) pe
d—i =3 [2(1/) —n)é+ e (1 + zm)f} :

Then, by the equation (4.11) and (4.12), we obtain:

de¢ 1 / i < —i
A 14 — = i ; = 0
I :l:% {1(1/1 n)ez ¢ eV (l+1im)e go}
- :|:§ [i(?ﬂ —n)e%gp:l: (l+im)e%<ﬁ}
1 i / P,
= iie% {z(w —n)o+ (I+ im)go} .

O

Remark 4.13 Let (7,0, 15) and (v, u1, 42) be framed Mannheim mates and the spinors £ and ¢ correspond
to triad {U, 711, o} and {pa,v, p1}, respectively. It can be written in terms of spinor equations (I, m,n,a) using
the equation (3.4) and the Theorem 3.3. Therefore, spinor equations can be expressed according to the function

«a that characterizes the singular points.

5. Conclusion

In this study, spinor representations of Mannheim curves of singular curves are explained with the help of framed
curve theory. In addition, some geometric interpretations of these representations are given. Similarly, spinor
formulas for Bertrand curves of framed curves can be given based on the study [9] for framed curves and the
study [4] for regular curves, and spinor formulas for involute-evolute curves of framed curves can be given using

[3] study. Moreover, some physical results can be obtained according to the physical structure of spinors.
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