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HALF LIGHTLIKE SUBMANIFOLDS OF A SEMI-RIEMANNIAN
SPACE FORM WITH A SEMI-SYMMETRIC NON-METRIC
CONNECTION

DAE Ho JIn

ABSTRACT. In this paper, we study screen quasi-conformal irrotational half lightlike
submanifolds M of a semi-Riemannian space form M (¢) admitting a semi-symmetric
non-metric connection, whose structure vector field ¢ is tangent to M. The main
result is a classification theorem for such Einstein half lightlike submanifolds of a
Lorentzian space form admitting a semi-symmetric non-metric connection.

1. INTRODUCTION

The theory of lightlike submanifolds is indeed important for both the geometry
of submanifolds to mathematics and its applications to physics. The study of such
notion was initiated by Duggal and Bejancu [3] and later studied by many authors
(see up-to date in [4, 5]). The notion of a semi-symmetric non-metric connection on
a Riemannian manifold was introduced by Ageshe and Chafle [1]. Although now we
have lightlike version of a large variety of Riemannian submanifolds, the geometry
of lightlike submanifolds of semi-Riemannian manifolds admitting semi-symmetric
non-metric connections has been few known. Recently Yasar, Coken and Yiicesan
[15] and Jin [6, 7] studied lightlike hypersurfaces in a semi-Riemannian manifold
admitting a semi-symmetric non-metric connection. Jin [10] and Jin-Lee [11] studied
general lightlike submanifolds and half lightlike submanifolds of a semi-Riemannian
manifold with a semi-symmetric non-metric connection.

The objective of this paper is to study screen quasi-conformal irrotational half
lightlike submanifolds M of a semi-Riemannian space form M (c) admitting a semi-
symmetric non-metric connection, whose structure vector field ¢ of M (c) is tangent
to M but it does not belongs to S(T'M). The reason for this geometric restriction on
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M is due to the fact that such a class admits an integrable screen distribution and a
symmetric induced Ricci tensor of M. Our main result is a classification theorem for
such Einstein half lightlike submanifolds M of a Lorentzian space form admitting a

semi-symmetric non-metric connection.

2. SEMI-SYMMETRIC NON-METRIC CONNECTION

Let (]\7 ,9) be a semi-Riemannian manifold. A connection V on M is called a

semi-symmetric non-metric connection [1] if V and its torsion tensor T satisfy

(2.1) (Vx9)(Y, 2) = —7(Y)§(X, Z) — n(2)3(X,Y),
(2.2) T(X,Y)=7n(Y)X — n(X)Y,

for any vector fields X, Y and Z on M , where 7 is a 1-form associated with a
non-vanishing vector field ¢, which is called the structure vector field, by

m(X) = 9(X, ().

A submanifold (M, g) of codimension 2 is called half lightlike submanifold if the
radical distribution Rad(TM) = TM NTM is a vector subbundle of the tangent
bundle TM and the normal bundle TM -+ of M, with rank 1. In this case, there exists
complementary non-degenerate distributions S(T'M) and S(TM+1) of Rad(TM) in
TM and TM™* respectively, which are called the screen and co-screen distributions
on M respectively, such that

(2.3)  TM = Rad(TM) ®opip, S(TM), TM™* = Rad(TM) ®ope, S(TM™),

where @+, denotes the orthogonal direct sum. We denote such a half lightlike
submanifold by M = (M, g, S(T'M)). Denote by F(M) the algebra of smooth func-
tions on M, by I'(E) the F(M) module of smooth sections of a vector bundle E
over M and by (2.3); the i-th equation of (2.3). We use same notations for any
others. Choose L € T'(S(TM*')) as a spacelike unit vector field, without loss of
generality, i.e., g(L,L) = 1. We call L the canonical normal vector field of M.
Consider the orthogonal complementary vector bundle S(T'M)* to S(TM) in TM.
Certainly Rad(TM) and S(T M) are vector subbundles of S(T'M)*+. As S(TM*)
is non-degenerate, we have

S(TM)* = S(TM™Y) Gopr, S(TMH)L,

where S(TM*)* is the orthogonal complementary to S(TM*) in S(TM)*. Tt is
well-known [3] that, for any null section £ of Rad(T M) on a coordinate neighborhood
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U C M, there exists a uniquely defined lightlike vector bundle ltr(T'M) and a null
vector field N of ltr(T'M) on U satisfying

g(&N)=1, g(N,N)=g(N,X)=¢g(N,L)=0, VX € T'(S(TM)).

We call N, litr(TM) and tr(TM) = S(TM™Y) ®opep, ltr(TM) the lightlike transversal
vector field, lightlike transversal vector bundle and transversal vector bundle of M
with respect to S(T'M) respectively [11]. Then T'M is decomposed as

(2.4) TM =TM & tr(TM) = {Rad(TM) & tr(TM)} Gope, S(TM)
= {Rad(TM) & ltr(TM)} @oren S(TM) oy, S(TM).

In the entire discussion of this article, we shall assume that the structure vector
field ¢ of M to be spacelike unit tangent vector field of M. In the sequel, we take
X, Y, Z, W € I'(TM), unless otherwise specified. Let P be the projection morphism
of TM on S(T'M) with respect to the decomposition (2.3);. Then the local Gauss
and Weingartan formulas of M and S(T M) are given respectively by

(2.5) VxY = VxY + B(X,Y)N + D(X,Y)L,
(2.6) VxN = —A X +7(X)N + p(X)L,
(2.7) VxL = —A, X +¢(X)N;

(2.8) VxPY = V%PY + C(X,PY),

(2.9) Vx§ = —4iX —7(X)§,

where V and V* are induced linear connections on T'M and S(T'M) respectively,
B and D are called the local second fundamental forms of M, C is called the local
second fundamental form on S(I'M). A, Af and A, are linear operators on T'M,
which are called the shape operators, and 7, p and ¢ are 1-forms on T'M. We say
that h(X,Y) = B(X,Y)N+ D(X,Y)L is the global second fundamental form tensor
of M. Using (2.1), (2.2) and (2.5), we have

(2.10) (Vx9)(Y, Z) = B(X,Y)n(Z) + B(X, Z)n(Y)
- W(Y)Q(Xa Z) - ﬂ(Z)g(X, Y)v
(2.11) T(X,Y) = (V)X — (X)Y

and B and D are symmetric on 7'M, where T is the torsion tensor with respect to
the induced connection V and 7 is a 1-form on T'M such that

n(X) =g(X,N).
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From the facts B(X,Y) = §(VxY,€) and D(X,Y) = §(VxY, L), we know that
B and D are independent of the choice of S(T'M) and satisfy

(2.12) B(X,¢) =0, D(X,§ =—¢(X).

The above three local second fundamental forms M and S(T'M) are related to their
shape operators by

(2.13) g(AX,Y)=B(X)Y),  G(AiX,N)=0,

(2.14) 9(A, X, Y) = D(X,Y) + ¢(X)n(Y), g(A, X, N) = p(X),

(2.15) g(A X, PY) = C(X,PY) — fg(X,PY) — n(X)n(PY),
9(Ay X, N) = = fn(X),

where f is the smooth function given by f = 7(N). From (2.12) and (2.13), we
show that Af is S(T'M)-valued self-adjoint and satisfies

(2.16) AzE=0.

Denote by ﬁ, R and R* the curvature tensors of the semi-symmetric non-metric
connection V of M. , the induced connection V on M and the induced connection V*
on S(T'M). Using the Gauss-Weingarten formulas for M and S(T'M), we obtain
the Gauss-Codazzi equations for M and S(T'M):

(217)  R(X,Y)Z=R(X,Y)Z + B(X,Z)A,Y — B(Y,Z)A, X
+D(X,Z)AY —D(Y,Z2)A, X
H(VxB)(Y, Z) - (VyB)(X, Z)
+B(Y, Z)[r(X ) m(X)] = B(X, Z2)[7(Y) — 7 (Y)]
+ DY, Z2)p(X)— D(X,Z)p(Y)}N
+H(VxD)(Y, ) (VyD)(X, Z) + B(Y, Z)p(X)
—B(X, Z)p(Y) = D(Y, Z)7(X) + D(X, Z)w(Y)} L,

(2.18) R(X,Y)N = —Vx(A,Y)+ Vy(4,X) + A, [X,Y]
+7(X)AY —7(Y)A X +p(X)A,Y — p(Y)A, X
+{B(Y, A, X) — B(X,A,Y) + 2dr(X,Y)
+o(X)p(Y) = o(Y)p(X)}N
+{D(Y, A, X) — D(X,A,Y) + 2dp(X,Y)
+p(X)7(Y) = p(V)7T(X)}L,
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(219) R(X,Y)L=—Vx(A,Y)+Vy(4,X)+A,[X,Y]
+O(X)A,Y — (V)AL X
+H{B(Y,A, X) - B(X,A,Y) +2d¢(X,Y)
+7(X)p(Y) = 7(Y)o(X)}N
HD(Y, A, X) = D(X,ALY) + p(X)p(Y) — p(Y)$(X)} L

(220)  R(X,Y)PZ = R*(X,Y)PZ + C(X,PZ)AY — C(Y,PZ)A¢X

H(VxO)Y, PZ) - (VyC)(X, PZ)
+C(X,PO[r(Y)+nm(Y)] -C(Y,PZ)[T(X) + 7(X)]}¢

(2.21) R(X,Y)¢ = Vi (ALY) + Vi (A1 X) + ALX, Y]

+7(V)ALX — 7(X)AFY
+ {C(Y, ALX) — O(X, AYY) — 2d7(X,Y)

+ p(X)o(Y) = p(Y)p(X)}E.

A complete simply connected semi-Riemannian manifold M of constant curvature
c is called a semi-Riemannian space form and denote it by M (c). For any X, Y, Z €
(T M), the curvature tensor R of M(c) is given by

(2.22) R(X,Y)Z = {§(Y, 2)X — §(X, Z)Y}.

Taking the scalar product with £ and L to (2.22), we get

(2.23) HR(X,Y)Z, &) =§(R(X,Y)Z, L) =0, YX,Y,ZecTI(TM).

From this results and (2.17), for all X, Y, Z € I'(T' M), we obtain

(2.24) R(X,Y)Z = R(X,Y)Z + B(X,2)A,Y —B(Y, Z)A, X
+D(X,2)AY —D(Y,Z)A, X.

3. CHARACTERIZATION THEOREMS

Definition. A half lightlike submanifold M of a semi-Riemannian manifold M is
said to be irrotational [12] if Vx& € T(TM) for any X € D(TM).

From (2.5) and (2.12), we show that the above definition is equivalent to the
condition: D(X,£) =0 = ¢(X) for all X € I(T'M).

Lemma 1 ([8, 11]). Let M be an irrotational half lightlike submanifold of a semi-

Riemannian manifold M admitting a semi-symmetric non-metric connection such
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that the structure vector field ¢ ofM is tangent to M. Then ( is conjugate to any
vector field X on M, i.e., ¢ satisfies h(X,() = 0.

Note that h(X, () = 0 is equivalent to the following two equations:
(3.1) B(X,()=n(4:X)=0, DX,()=7(4,X)=0, VXel(TM).

Definition. A half lightlike submanifold M of a semi-Riemannian manifold M
admitting a semi-symmetric non-metric connection is called screen quasi-conformal
[9, 13] if the second fundamental forms B and C satisfy

(3.2) C(X,PY)=pB(X,Y)+n(X)n(PY),
where ¢ is a non-vanishing function on a coordinate neighborhood I/ in M.
Due to (2.13) and (2.15), we show that M is screen quasi-conformal if and only
if the shape operators A, and AZ are related by
(3.3) Ay X = oA X — fX.
We quote the following results for irrotational screen quasi-conformal half lightlike

submanifold due to Jin [9]:

Theorem 3.1. Let M be an irrotational screen quasi-conformal half lightlike sub-
manifolds M of a semi-Riemannian space form M (¢) admitting a semi-symmetric
non-metric connection. If the structure vector field ¢ is tangent to M but it does not
belong to S(TM), then we have ¢ = 1.

Let Ric be the Ricci curvature tensor of M and R(®? the induced Ricci type
tensor on M given respectively by
Ric(X,Y) = trace{Z — R(Z,X)Y}, VX,Y e€T(TM),
ROD(XY) = trace{Z — R(Z,X)Y}, VX,Y e T(TM).
Consider a quasi-orthonormal frame field {{;W,} on M, where Rad(TM) =
Span{¢} and S(T'M) = Span{W,} and let E = {&, N,W,} be the corresponding
frame field on M. Using this quasi-orthonormal frame field, we obtain
ROY(X,Y) = Rie(X,Y)+ B(X,Y)tr A, + D(X,Y)trA,
- g(ANX7 AZY> - g(ALX7 ALY) + p(X)¢(Y)
- E(R(S)Y)X’ N) - g(R(L’X)Y’ L)a
This shows that R(®2) is not symmetric. The tensor field R 2 is called its induced
Ricci tensor [4, 5], denoted by Ric, of M if it is symmetric. It is known [11] that
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R(:2) is an induced Ricci tensor of M if and only if the 1-form 7 is closed, i.e.,
dr = 0, for any coordinate neighborhood U C M.

Remark 1. If R(©:2) ig symmetric, then there exists a null pair {{, N} such that
the corresponding 1-form 7 satisfies 7 = 0 [11], which called a canonical null pair of
M. Although S(T'M) is not unique, it is canonically isomorphic to the factor vector
bundle S(TM)! = TM/Rad(TM) [12]. This implies that all screen distribution
are mutually isomorphic. For this reason, in case dr = 0 we consider only lightlike
hypersurfaces M endow with the canonical null pair.

We say that M is an Finstein manifold if the Ricci tensor of M satisfies
(3.4) Ric = kg.

It is well-known that if dim M > 2, then k is a constant. For dim M = 2, any
manifold M is Einstein but x is not necessarily constant.
In case the ambient manifold M is a space form M (c), R(%?) is given by

(3.5) ROD(X)Y) = meg(X,Y) + B(X,Y)trA, + D(X,Y)trA,
—g(Ay X, ALY) —g(A X, ALY) + p(X)o(Y).
Taking the scalar product with £ to (2.17) and using (2.22), we have
(3.6) (VxB)(Y,Z) - (VyB)(X, Z)
= B(Y, Z2){n(X) — 7(X)} - B(X, Z){n(Y) — 7(Y)}.

Definition. A vector field X on M is said to be conformal Killing [8] if

L.G=-203

for any non-vanishing smooth function J, where £ denotes the Lie derivative on M ,
that is, for all Y, Z € I'(T'M),

(L 9)(Y.Z) = X(3(Y, 2)) = 3([X, Y], Z) - §(¥.[X, Z]).
In particular, if § = 0, then X is called a Killing vector field on M.

Theorem 3.2 ([8, 11]). Let M be a half lightlike submanifold of]Tj admitting a
semi-symmetric non-metric connection. If the canonical normal vector field L is
conformal Killing, then L is a Killing vector field.

Proof. Using (2.1) and (2.2), for any X, Y, Z € I‘(TM), we have

(L (Y. 2) =§(VyX,Z) +§(Y,V;X) - 2n(X)§(Y. Z).
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As L is conformal Killing, we have §(VxL,Y) = —D(X,Y) by (2.9) and (2.16).
This implies (£,9)(X,Y) = —2D(X,Y) for any X, Y € I'(TM). Thus we have

D(X,Y)=09(X,Y), VX, Yel(TM).
Taking X =Y = ( to this and using (3.1)2, we get § = 0 and L is Killing. O

Theorem 3.3 ([11]). Let M be a half lightlike submanifold of a semi-Riemannian
manifold M admitting a semi-symmetric metric connection. Then the following
assertions are equivalent :

(1) The screen distribution S(T M) is an integrable distribution.

(2) C is symmetric, i.e., C(X,Y) =C(Y,X) for all X, Y € I'(S(TM)).

(3) The shape operator A, is self-adjoint with respect to g, i.e.,

(A X,Y)=g(X,AY), VX, Y eI(S(TM)).

Remark 2. Just as in the well-known case of locally product Riemannian or semi-
Riemannian manifolds [3, 4, 5, 14], if S(T'M) is an integrable distribution, then M
is locally a product manifold C x M* where C is a null curve tangent to Rad(T M)
and M™ is a leaf of the integrable distribution S(T'M).

Theorem 3.4. Let M be a screen quasi-conformal irrotational Einstein half lightlike
submanifold of a Lorentzian space form M(c) with a semi-symmetric non-metric
connection. If ¢ is tangent to M but it does not belong to S(T'M), the canonical
normal vector field is conformal Killing and the mean curvature of M is constant,
then M is locally a product manifold M = C x My x Ms, where C is a null curve,
M is an Euclidean space and My is a totally umbilical Riemannian space.

Proof. As L is Killing, we get D = ¢ = 0 and ¢g(A,X,Y) = 0 for any X, Y €
[(TM). From (3.3), (3.5) and the fact Af is self-adjoint, we show that R(:2) i5 a

symmetric induced Ricci tensor Ric and S(TM) is an integrable distribution. As
9(A¢, X) = B((, X) = 0 and S(T'M) is non-degenerate, we have

(3.7) Az(=0.
Using (2.13), (3.3), (3.4) and the fact ¢ = 1, from (3.5) we have
(3.8) g(AEX, AZY) — ag(AFX,Y) + ¢~ (s —m)g(X,Y) =0,

forall X, Y € I'(T'M) due to ¢ = 1, where a = trAg — fme~!. Taking X =Y =
to (3.8) and using (3.7), we have kK = m. Thus (3.8) becomes

(3.9) g(ALX, AZY) — ag(AFX,Y) = 0.
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As M is Lorentzian manifold, S(T'M) is a Riemannian. Since £ is an eigenvector
field of A} corresponding to the eigenvalue 0 due to (2.16) and Af is S(T'M)-valued
real self-adjoint operator, AZ have m real orthonormal eigenvector fields in S(T'M)
and is diagonalizable. Consider a frame field of eigenvectors {, E1, ..., Ep} of Af
such that {E1, ..., En} is an orthonormal frame field of S(T'M) and AfE; = A E;.
Put X =Y = E; in (3.9), each eigenvalue ); is a solution of the equation

22— azr = 0.

As this equation has at most two distinct solutions 0 and «, there exists p €
{0, 1, ..., m} such that Ay = --- = A\, = 0 and N\py1 = -+ = Ay, = a(# 0), by
renumbering if necessary. As trAZ = 0p+ (m — p)a, we have

(m—p—1)a=fmp L.

Consider four distributions D,, Dy, Dj and D, on S(T'M) given by
Do ={X e '(TM) | AgX = 0}, D =D,NS(TM),
Do ={U eT(TM) | ALU = aPU}, Dj = DynS(TM).

Clearly we show that D, N D, = Rad(T'M), D; N D = {0} as a # 0 and DS =
PD,, D5 = D,. In the sequel, we take the vector fields X, Y € I'(D,), U, V €
I'(D,) and Z, W € T'(TM). Denote X* = PX, Y* = PY,U* = PU and V* = PV.
Then X*, Y* € I'(D}) and U*, V* € T'(Dj). Since X* and U* are eigenvector
fields of the real self-adjoint operator Az corresponding to the different eigenvalues
0 and « respectively, X* 1L U* and g(X,U) = ¢g(X*,U*) = 0, that is, D, Ly Dq.
Also, since B(X,U) = g(AZX, U) = 0, we show that D, L, D,. Since {E;}i<i<p
and {Eq}pt1<a<m are vector fields of DS and DJ respectively and D; and Dy, are
mutually orthogonal, D] and D} are non-degenerate distributions of rank p and
rank (m — p) respectively. Thus S(T'M) is decomposed as S(T'M) = D2, @orip, D3.

From (3.9), we get Af(Ay —aP) = 0. Let W € ImAf. Then there exists
Z € I(TM) such that W = A¢Z. Then (A — aP)W =0 and W € I'(Dq). Thus
Im Ag C I'(Dq). By duality, we have Im(A; — aP) C I'(D,).

Applying Vx to B(Y,U) = 0 and using (2.13) and AFY =0, we obtain

(VxB)(Y,U) = —g(A;VxY,U).
Substituting this into (3.6) and using (2.11) and A; X = AY =0, we get
9(Ag[X, Y], U) = 0.
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As Im A7 C I'(Dq) and D, is non-degenerate, we get Az[X,Y] = 0. Thus [X,Y] €
I'(D,) and D, is integrable. This result implies [X*,Y*] € I'(D,). On the other
hand, since S(T'M) is integrable, [X*,Y*] € I'(S(T'M)). Thus [X*,Y*] € T'(D3).
Thus Dy is also an integrable distribution.

Applying Vy to B(U,Y) = 0 and using AFY =0 and AfU = aPU, we get

(Vv B)(U,Y) = —ag(VyY,U).
Substituting this into (3.6) and using the fact o # 0, we obtain
g(VyY,U) = g(V,VuY).
Applying Vy to ¢g(Y,U) = 0 and using (2.10), we have
T(Y)g(U,V) = B(V,U)n(Y) = g(VvY,U) = g(¥, VyU).
Taking the skew-symmetric part of this equation and using (2.11), we have
g([V,U],Y)=0, VY eI'(D,) and U,V €TI'(D,).

From this, we get g([V*,U*], Y*) = 0 for all Y* € I'(D%) and U*, V* € T'(D3).
As D} and D} are mutually orthogonal non-degenerate distributions, we show that
[V*, U*] € T'(DS). Thus DZ is also an integrable distribution.

Applying Vi to B(X,Y) =0 and Vx to B(U,Y) = 0, we have

(VUB)(X7 Y) =0, (VXB)(Ua Y) = _ag(VXY'a U)
Substituting this two equations into (3.6), we have ag(VxY, U) = 0. As
g(AiVxY, U) = B(VxY,U) = ag(VxY, U) =0

and Im A7 C ['(D,) and D, is non-degenerate, we get AfVxY = 0. This implies
VxY € I'(D,). Thus D, is an auto-parallel distribution on S(7'M). This implies
that Vx-Y™* € I'(D,) for any X*, Y* € I'(D3). As C(X*,Y*) = oB(X*,Y™) +
n(X*)m(Y*) = 0, we have Vx-Y* = V{.Y* € I'(S(T'M)). Thus Vx-Y* € I'(D;})
and D7 is also an auto-parallel distribution.

As AZ( =0, ¢ belongs to D,. Thus m(U) =0 forany U € I'(D,,). Applying Vx to
g9(U,Y) = 0 and using (2.10) and the fact D, is auto-parallel, we get ¢(VxU,Y) = 0.
This implies VxU € I'(Dy).

Assume that the mean curvature vector field

m-—p

1
B= EQ(AEEM Eq) = @

m
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of M is constant. Then « is a constant. Applying Vx to B(U,V) = ag(U,V) and
Vi to B(X,V) =0 and using the fact « is constant, we have

(VxB)(U,V) =0, (VuB)(X,V)=—ag(VuX,V).
Substituting this two equations into (3.6) and using D, L, D,, we have
9(VuX, V) = n(X)g(U, V).
Applying Vi to g(X, V) = 0 and using (2.10), we obtain
g(X,VyV)=0.

From this, we get g(X*, Vy-V*) = 0 for all X* € T'(D5) and U*, V* € T'(D3).
As D} and D} are mutually orthogonal non-degenerate distributions, we show that
Vi V* € T(DF). Thus D2 is auto-parallel distribution.

Since the leaf M* of S(T'M) is a Riemannian manifold and S(T'M) = D5 @ortn
D;, where D7, and D; are auto-parallel distributions of M*, by the decomposition
theorem of de Rham [2] we have M* = M; x My, where M is a totally geodesic leaf of
D; and M, is a totally umbilical leaf of D} . Consider the frame field of eigenvectors
{{, Er, ..., Ep} of AZ such that {E;}; is an orthonormal frame field of S(T'M),
then B(E;, Ej) = C(E;, Ej) =0 for 1 <i < j <m and B(E;, E;) = C(E;, E;) =
0 for 1 < ¢ < m—1. From (2.17) and (2.20), we have §(Z—~3(E1,Ej)Ej, E;) =
g(R*(E;, E;)E;, E;) = 0. Thus the sectional curvature K of My is given by
9(R*(Ei, Ej)Ej, E)

= 0.
9(E;i, Ey)g(Ej, Ej) — g*(Es, E;)

K(E;, Ej) =

Thus M is a locally product C x M7 x My, where C is a null curve, M is an Euclidean
space and M is a totally umbilical Riemannian space. g

REFERENCES

1. Ageshe, N.S. & Chafle, M.R.: A semi-symmetric non-metric connection on a Riemann-
ian manifold. Indian J. Pure Appl. Math. 23 (1992), no. 6, 399-409.

2. de Rham, G.: Sur la réductibilité d’un espace de Riemannian. Comm. Math. Helv. 26
(1952), 328-344.

3. Duggal, K.L. & Bejancu, A.: Lightlike Submanifolds of Semi-Riemannian Manifolds
and Applications. Kluwer Acad. Publishers, Dordrecht, 1996.

4. Duggal, K.L. & Jin, D.H.: Null curves and Hypersurfaces of Semi-Riemannian Mani-
folds. World Scientific, 2007.



50

10.

11.

12.

13.

14.

15.

DAE Ho JIN

Duggal, K.L. & Sahin, B.: Differential geometry of lightlike submanifolds. Frontiers in
Mathematics, Birkhauser, 2010.

Jin, D.H.: Geometry of lightlike hypersurfaces of a semi-Riemannian space form with
a semi-symmetric non-metric connection. Submitted in Indian J. Pure Appl. Math.

: Einstein lightlike hypersurfaces of a Lorentz space form with a semi-symmetric
non-metric connection. Accepted in Bull. Korean Math. Soc. (2013).

__ . FEinstein half lightlike submanifolds of a Lorentzian space form with a semi-
symmetric non-metric connection. Submitted in Journal of Inequalities and Applica-
tions.

: Two characterization theorems for irrotational lightlike geometry. accepted in
Comm. Korean Math. Soc. (2013).

: Lightlike submanifolds of a semi-Riemannian manifold with a semi-symmetric
non-metric connection. J. Korean Soc Math. Edu. Ser. B: Pure Appl. Math. 19 (2012),
no. 3, 211-228.

Jin, D.H & Lee, JJW.: A classification of half lightlike submanifolds of a semi-
Riemannian manifold with a semi-symmetric non-metric connection. Bull. Korean Math.
Soc. 50 (2013), no. 3, 705-717.

Kupeli, D.N.: Singular Semi-Riemannian Geometry. Kluwer Academic, 366, 1996.

Massamba, F.: Screen almost conformal lightlike geometry in indefinite Kenmotsu space
forms. Int. Electron. J. Geom. 5 (2012), no. 2, 36-58.

O’Neill, B.: Semi-Riemannian Geometry with Applications to Relativity. Academic
Press, 1983.

Yasar, E.; Coken, A.C. & Yiicesan, A.: Lightlike hypersurfaces in semi-Riemannian
manifold with semi-symmetric non-metric connection. Math. Scand. 102 (2008), 253-
264.

DEPARTMENT OF MATHEMATICS, DONGGUK UNIVERSITY, GYEONGJU 780-714, REPUBLIC OF KO-

REA

Email address: jindh@dongguk.ac.kr





