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O n a cyclic covering of a projective manifold
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Hiro-o TOKUNAGA

§ 0 .  Introduction

T he  m ain  purpose o f  th is  article is to  investigate  a  finite  norm al cyclic
covering of a projective manifold (i.e., the rational function field corresponding to
the covering is a  cyclic extension). In  §1, we consider the structure of a cyclic
covering from a field theoritic view p o in t . In  §2, we consider the direct image of
the structure sheaf by the method of Esnault-V iehw eg. And in §3, we applied the
result of § 1 and § 2  to  3  cases. O ur m ain  results are  as folows.

Proposition 3.3. Let n X -4 Y  be a finite cyclic covering of  Y where X  is normal
and Y  is non-singular. L et B  denote the branch locus of  n. Assume:

(i) B  is an  irreducible divisor.
(ii) For each ye 13, n - 1 (y) consists of one point.
Then there exists a line bundle F, so that X  is embedded in the total space of F.

Proposition 3 .4 .  L et X  be a f inite normal cyclic covering of  an abelian variety
A . A ssum e that X  is o f  general type, and its cov ering m ap is f lat. Then,

h(V 5 ) = hi (e A ) for 0  <  i <  d
and

hd  (6 x ) > n

where d = dim X  = dim A  and n = the degree of  the covering.

Theorem 3 .5 .  L et n: S P2 be a f inite normal covering of P2 whose covering
degree is a prim e integer p. A ssum e  that the branch locus of n is C,u C 2 , where Ci

is a  smooth curve whose degree is ni , and the divisor C , + C 2  has at m ost simple
normal crossings. T h e n :

(i) There exists a unique integer y  w ith 1 y p — 1, and singularities of  S
are all cyclic quotient singularities of  type (p, y ) or (p, p — y) and they do not
appear sitnutaneously.
(ii) The direct im age of  the structure sheaf  of  S  is isomorphic to

P - i k 1
n 2

)
0,2 C) ( 9 p 2

(  
-(n, + (p —  v)n2)+ [k(p — y)

i=1 p

Received, April 4, '88



110 Hiro-o Tokunaga

w here [ ] denotes Gaussian symbol.
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Notations and Conventions
The ground field is always a  complex number field C.
hi (X , (9g )  =  hi (Ox ) = dim c li i(X,
C ( X ) :  the rational function field of X
O ID I :  the rational map associated to a  linear system ID
Let D 1 , D 2 be divisors.
D, — D 2 means linear equivalence of two divisors.

§ 1 .  Constructions of cyclic coverings

For the first, we remind us of some constructions of cyclic coverings.
Construction 1: Let Y be a projective mainfold and B  be a  smooth divisor

such that L ® " B for some LE pic(Y) and n E N .  Then, as is well-known, we can
construct a finite cyclic covering of Y ramified over B in the total space of L .  This
construction is a  very familiar method, but most of cyclic coverings of Y is not of
this type.

Construction 2: L et yo  be an element of the retional field of Y, C(Y), and X
be a subvariety in Y x P '  which is defined as follows :

L e t yo =  9,1 cp,„ b e  a  loca l representation, and [ c o : b e  a  homogeneous
coordinate of P ' .  Define :

5C- = [co : ii)e  Y x (Po —  (P. =  0 1.

Let X  be the stein factorization of p, Y where p, is a projection to  Y ' x  P
—> Y  Then X  is a norm al finite cyclic covering o f  Y.

Construction 3 :  L e t  B  be  an effective divisor on Y  such that L®n  B  for
some Le Pic(Y) and n e N . Then w e can construct a  cyclic covering of Y in the
total space of L as Constructron I. L e t  n: X' —> X be the norm alization. Then,
X ' is a  finite normal cyclic covering o f  Y.

It is  c lear tha t construction 1 is  a  special case of construction 3. In  this
section, we consider the relation between construction 1, 2, and 3.

Let p: X —> Y be a  finite normal cyclic covering, and assume that the Galois
group Gal(C(X )/C(Y )) is isom orphic to Z/nZ. By field theory, there exist 0 in
C(X ) whose minimal polynomial is Ta-yo where cp is  a n  element of C ( Y ) .  We
introduce following notations :

Do :  th e  z e r o  d iv iso r o f  cp, and 1) 0 =  O r ) , its  d eco m p o sitio n  to

irreducible
components.

.1.3 0 : th e  p o la r  divisor o f  cp, and D its  decom position  to
irreducible components.

P u t  B  = Do +(n —  1)D œ . T h e n  B  n D o . S o ,  b y  construc tion  3 , w e can
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construct a  cyclic covering ramified over B  in  the  to ta l space o f  a  line bundle
associated to the divisor D o . Let X , be its norm alization. Then w e have:

Proposition 1.1. Let X , X , be as above . T hen  X  and X , is isomorphic to
each other.

P ro o f . By the uniquness of the C(X)(resp. C(X,))-normalization of Y (see
I ita k a  [1 ] , T h e o re m  2 .2 .4 ) , it  is  e n o u g h  to  sh o w  that C (X ) =  C (X , ). B y
construction 2, we construct a birational model of X  in Y  x P 1 . We denote it
X . W e w ill p rove  tha t C (X ) =  C (X  ). Let

fo = f( 1
°)

'`  •  • - .! ;
°)v

k  and f .  = • • •f ,
(
: °

)
' " i

be local equations of Do and D Then X , is constructed as follows:
Put

B = Do + (n — 1)Dœ

L = a  line bundle associated to divisor Do .

Then

L® " — B.

Define a subvariety X ; in  th e  to ta l space of L b y  the  equation cn = f o ( f .  -  I

locally. Then X ; is a cyclic covering of Y, and its normalization is X , .  Define a
raitonal map from X 1 t o  X  as follows:

Locally,

x  ..........X 1X

(n(x ), (x )) i.• - 4  ( 7 r(x ) , ( x ) /  f )
(7r: the projection of a line bundle).

But, by construction, above rational maps defined over Y. W e can easily check
that the above maps are birational maps. Therefore C(X 1) = ) .  S i n c e  k -  is
birational to X , so C(X ) = C(X ). Therefore C(X 1)  =  C (X ) . This proves our
proposition.

Q. E. D.

§ 2 .  The direct im age of v, p* C,

In this section, we assume that the finite morphism p  is always flat. Since p  is
flat and finite, p .(0 , is locally free sheaf. Moreover, in our case, there is an action
o f  Z / n Z .  Therefore, p . ( 9 ,  is d e c o m p o s e d  in to  t h e  d i r e c t  s u m  o f  line
bundles. Next result which are due to  H . Esnault-E. Viehweg are important.

L em m a 2.1 . L e t  D  b e  a n  effective div isor o n  Y  an d  D = B  +E , ,,E ,  its

decomposition into prim e divisors. S uppose that for som e invertible sheaf  L  and
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some integer n > O. we have

= (9,(D).

T hen, b y  Construction 3, w e  o b tain  a  f inite norm al cy clic cov ering p: X
—> Y. A ssume that p is f lat. T h e n

N  - 1

P* ex  = /11)-'
i = 1

L(11 = 0  y
N

w here [ ] is G aussian symbol.

F o r a  proof, see V ieh w eg  [6 ]. By Viehweg [5], if D  is an effective divisor
w ith  sim ple  norm al crossing, X  has on ly  ra tiona l s ingu la ritie s  a n d  p  is
flat. Therefore, we can calculate numerical invariants of non-singular model of X.

Example. L e t  10 , l  b e  tw o  lin e s  i n  P 2 . L e t  S  b e  a norm al surface
corresponding to a  fie ld  C(P 2 )(0 ) where 0" = f ,  fe C (P 2 )  and f =  l o l l „  a n d  its
minimal resolution of S is a rational ruled surface of degree n. Let p: S —> P 2  be  a
covering m a p .  By the above result, we obtain :

p,„(Os = 191, 2 C) !2p2(— 1) C) • • • C) CPA— 1).

n — 1

§ 3 .  Applications

(I) In  W avrik  [7 ], he proved the following;

Theorem 3 . 1 .  Let 7r: X  Y  be a  cyclic covering o f  Y  w here X  and Y  are
complex manifolds. Then we can find a line bundle F on Y  so that X  is embedded in
a to tal space F.

F o r a  p ro o f, see  W avrik [7].

Remark. In  this above theorem, definition of "a cyclic covering" is slightly
different from our definition. His definition is a s  follows :

Definition o f a  cyclic covering in  the  sense of W avrik [7].
L et n: X —> Y b e  a  k-sheeted branched covering of Y , where X  and Y are

complex m anifold. L et C denote the branch lo c u s . We call X  a  cyclic covering
of Y if the following conditions are satisfied :

( i ) F or each x e C, 7r - 1 (x) consists of one point.
(ii) The group of covering transformations of X \n  - 1 (C) over r  C is cyclic

group of order k.
(iii) Fro each e C we can find a  neighborhood U with coordinates (z, ...... z„)

o n  U  and on n 1 (U ) such that the map is given by z ; = C,
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(1 < i — 1), z n = ( k
n .

(iv) I f  k 2, C  is connected.

In the above definition, the condition (iii) implies that the branch locus, C  is
non-singular, and this is essential. Assume that X  is normal. Then, of course, C
may be singu lar. In  our case, X  can not be always embedded in the total space of
line  bundles. F o r  example, the norm al surface S in Example, §2, has a n  only
singurlity over 10 1 ,,  a n d  this singurality is rational n-ple p o in t . A s  is well-
known, rational surface singularities are hypersurface singularities if and  only if
they are rational double points. Therefore, if n > 3, S can not be embedded in any
total space of line bundles over P2 .

For a  norm al finite cyclic covering, we obtain proposition ;

Proposition 3 .3 .  Let n: X  — * Y  be  a f inite cyclic covering of  Y  w here X  is
normal and  Y is non-singular. L et B  denote the branch locus of  n. A ssum e:

(i) B  is an  irreducible divisor.
(ii) For each y e B, n -  '(y ) consists of  one point.

Then there exists a  line bundle F, so that X  is em bedded in the total space of  F.

P ro o f . Since C(X) is a  cyclic extension of C(Y), so, by  field theory, there
exists an  element GI, in  C (X ) so  tha t its  minimal polynomial is  T"

 — f ,
 f e  C(Y)

where n = the degree of the covering. In the following, the notation is the same as
§ 1 .  Put :

r
.

(0)"k
f J1 •' Jk  
J floo)11 1 . . . p o o ) A 1

where po) and f i" )  are definining equations of D r )  a n d  D(7 ) ,  respectively. Put :

B = D o  + (n — 1)1) on , L= ED 0] •

Now, we construct a  cyclic covering V ' in a total space of L by Construction 3 in
§ 1 .  By Proposition 1.1, if V denote a  normalization o f  V ', V  is isomorphic to
X .  Therefore, by the assumption (i), we may assume y 2 ,..., y k , and p, ,..., p i are all
multiple of n  and only  y , is n o t .  Moreover, by the assumption (ii), g.c.d.(n, y 1 )
= 1. Hence there exist integers a, f3 such that oty, = f in + 1. C o n s id e r  a  rational
function fOE. This is represented a s  follows:

f(o)vi a . . . fr )v k l

f œ = P aflop) , ...p o o )P 1 2

f100 f(0 ) V 2 2  . . . fi
(0) v i 2

 n)

where 1, , = nv, p i = (i = k , j =1,...,1).
Therefore,

0 ° 1  n(— 13D(? ) —  E D r )  +  E atti' 1) (7 ) ).
i=1 j=1

(_ AO)
f1.0101`` . . . fi l .0 ) 4 '1 1
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Put

F:=IY .r)  —  f 3 1 ) (,°)  —
i= 1 i = 2

We can construct a cyclic covering of Yin the total space of F by the same method
of Construction 1 in § 1 .  We denote it by X , .  We will prove X , is isomorphic to
X .  (N ote that X , is a norm al variety.) As in the proof of Proposition 1.1, it is
enough to show that C (X ) =  C (X ,). By our construction, C(X) = C(Y)(0 1 ) and
C(X 1 ) = C(Y)(0 2 )  w here m inim al polynomials o f  01 ,  02  a r e  P  —f, P —
respectively. Since ay, = fin +  1 , 0 '  satisfies 7- - 

f f i n +  1  =  
O. T h e re fo re  the

m in im a l p o ly n o m ia l o f  0 '  f f l  is P  — f . Therefore C ( X 1 ) D  C (X ). But
[C(X): C(Y)] = n. Therefore, C(X 1 ) = C(X).

Q.E.D.

Remark. By the proof of the above proposition, if there exists an  element
0 eC(X) such  that its minimal polynomial 7- - f , feC ( Y ) and f  is  of type as
follows:

f  =  f i f 2  • • • f k

then, X is always embedded in  a  to ta l space of a certain line bundle.

(II) Cyclic covering o f abelian varieties. L e t p: X —> A  b e  a  finite cyclic
covering of A , where X is a normal variety and A is an abelian varie ty . Let 0 be
and element of C(X) such that C(X) = C(A)(0) and the minimal polynomial of O is
P — cp for some yo C (A ) . Let Do ,  D  be the zero divisor of yo and the polar

d iv iso r o f  go respectively, a n d  Do =  v; Dr ) a n d  D E n i D(i ' )  b e  t h e i r

decomposition into irreducible components. We rewrite Do a n d  D., as follows:

Do =  vi Dr ) =1(v; + n6 i)Dr ) ,

D =D tiD (1 ° )=E u t; +

where 5, A i , v i , pi  a re  non-negative integers and 0 < v; < n  and 0 < pi'  < n.
Put

B  = D ,+ (n — 1)Doc

=  E(it + n61)Dr ) + E (n — 1)(gi  + nAi )D (f ) .

Then,

l v ;D r )  + (n — i) E tt;D r
•

= B —  n(I6 1D r+  (n — 1)1AiD(i'))
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nDo  — n (  bi Dr
)
 +  (n — E Ai v i so)

= n(D o — E ai re - (n — 0E ,li vi x))

Put

L =  [Do — E 6,m()) - (n — 1)E Ai Dy0)]

We construct a  cyclic covering V ' in  the  to tal space o f a  line  bund le  L . L e t V
denote its normalization. We will show that V is isomorphic to X .  By the same
argument as before, it is enough to show that C (V ) =  C (X ). B y  J

°
 and f ,  we

denote their defining equations of Dr )  a n d  D (.;' ) respectively. Then, by using a
local representation, the field C (X ) is equal to

where
C(X ) = C (A )(0 ),

on = o011,1 f i (  oo )/1 1

Let X ' be a cyclic covering of A  obtained by Construction 2 in §1 with respect to

f (o)v
— f loovii . . . pow, •

Clearly, X ' is birational to X .  We define a  rational map from V to  X ' as follows:

(n(v ), C(v))I...........

v)r ) 6 1  ...f r)6 ".f r)("-  " A I  p . ) 0 - 1 )A1
(n(v),

where T C  i s  the projection from  a  to ta l  space o f  L  t o  Y, and is  i t s  fibre
coord inate . By our construction,

(1))./1°)b ' ••• fr )6 "fr )("-"A  ...f1(00)(- 1 )A, H

( v ) "  f ° ' '  . . . . fic or 6k —

floc)" P f i c o r

(
0 ) V, n(5k i l ,s 0 ) (n - 1)(4', fcscooz- 1)(1il, n

k 11

floor P l f i(c o r

f ( 0 ) v  1 f (0 )v k  f (c o ) ( " f (0 0 ) ( "  I ) 11 1

floor /1 1 p oo)"I1f

f (0 ) ` . 1 f , 01vk

flco)1 1 1 poo)1 1 1 •

f 101'
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By the above calculation, it is easy to see that V1 is birational m a p .  Hence C(X)
= C(V') = C(V). Therefore, V is isomorphic to X.

In  the  following, we assume that p: X —> A  is flat. T h e n ,  by Lemma 2.1,
n-1

Pice2C 6.9A L(m)
m=1

where

Lon) =  12n 0  (9 A  ( v m E [ (n — 1)y  m
"Jn

En c A (  — Ervm1D10) E ((ti; +I in ( '  1) 1)(;° ) ) .
i L  n i \ L n

By our construction,

L" v;p10) + (n — DE' i i; D r

w here E', E' m ean that the sum are taken for non-zero v'i , vi'. Therefore,
i j

=  L '  0  A (—  E n [ v ;

n
m i D r

—E(noy, — + n [ m ( n  i i i i )D (f ) )

('''' e  A  Enn, D1°) + m(n —) Dp'. D( ' ) — En l '  m  M °)

i j ' i n

—E(mn(u'i  — 1) + n[ m ( n  — I i i i ) V )
j n

=  A ( E ( m v  n [v
y
m ]) D r

+ E(m(n — n [ m ( n

r 1By our consruction, inv > n  1°17m ( n  1 . 6 )  >  ni m (n t i l i  .y ] ' n

Now we obtain the following.

Proposition 3.4. L et X be a .finite normal cyclic covering of an abelian variety
A . A ssum e that X  is of  general type, and its covering m ap is f lat. Then,

hi V9 ,) = h' ((9 A ) for 0 < i <d
and

h'((9,)> n
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where d -= dim X  = dim A  and n = the degree of  the covering.

P ro o f .  By the above calculation,

n - 1

P* ( 9 X C9A 0  19  V m ) - 1

m - 1

where p  is  the covering map, and L ( m)  i s  a s  above.

C la im . The divisor;

n [

is  an am ple divisor.

Assume the above claim. We obtain that Lim )  is am ple. Then, by Riemann-Roch
Theorem for an abelian varieties (see Mumford [7]), we obtain

hd (A, L ( m)) > 0.

Therefore,

hd (X , C x ) n.

Proof  of  Claim . Since an effective divisor on an abelian is always numerically
effective, it is enough to  show tha t the divisor

D = E'Eq°) +  /Y.-)

is  ample, where E' denotes that th e  sum s a re  taken for non-zero v and

pi'. Assume tha t D  is  n o t am ple. Then, by  Iitaka  [1 ], Proposition 10.6, there
exists an abelian variety A, such that

(i) O im p i : A A , gives a  structure  of an  abelian  fibre  space a n d  dim A ,
= K(D, A).

(ii) There exists an am ple divisor A  on  A , such that D  = 0 1;,„,1(z1).
L et B  be  an abelian subvariety of A  w hich is a  fibre  of O imp l • By Poincaré
reducibility, we obtain the commutative diagram:

B  x  A ,

A

where a and a—  are étale morphism, and K(X ) =  K (i) =  d. By (i), (ii) as above, we
obtain ( a * L ( m ) y i B x ( a )  

is a trivial line bundle for ae A i , and a* L (m )
1 B x fu l  i s  the same

for all a n  A , .  Therefore, we obtain a n-fold étale cyclic covering of B  x  A ,. say 13
x  A , .  Eventually, we obtain the commutative diagram :

i 
m 1  o io) + i n ( n n) m(n — _03)
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where )3 and 13 are étale morphisms and K (X )=  K (56=  d .  By our construction,
Pcx*Ilm ) is considered a pullback of some line bundle over A l . Therefore X has a
s tru c tu re  o f  a n  a b e lia n  fib r e  sp ace . T h is  im p lie s  K(X) < dim X .  T h is  is
contradiction.

Q. E. D.

Remark. By the proof of Propsition 3.3, we know the structure of a cyclic
covering of an abelian va rie ty . And if its covering map is flat, we can compute
cohomology o f  i t s  structure sheaf by using K em pf's Theorem  (see K em pf
[ 2 ] ) .  Note that we can obtain many examples of a normal cyclic covering over an
abelian variety which have the same cohomology as an abelian va rie ty . Note that
they are no t of general type by  Proposition 3.3.

(III) Remark on S. Yamamoto's paper. In  [8], S . Y am am oto  proved the
following.

Theorem 3.5 (Y am am oto [8]). A  3-sheeted covering space o f  P 2  branched
along C 1 U C2, which are two smooth curves with at most simple normal crossings, is
either

a norm al surface whose singularities are all rational double points
or

a norm al surface whose singularities are all rational triple points.
Moreover, for the f irst case, we obtain

1
p 9 (S) =  g(C 1 ) +  g(C 2 ) -

9
(C i -  2 C2) (2 C  -  C 2 )

and for the second,

2
p9 (S) = 9(C1)+ g(C2) -  -

9
( C  - C2) 2

where g(C i )  is a  genus o f  C 1 .

We will extend the above theorem to p-sheeted covering where p  is a prime
integer. B y  the result of M . O ka (see O ka [4]), 7-c 1 (P 2 \ (C, u C 2 )) is an abelian
g ro u p . Therefore, for a normal p-sheeted covering S of P2 branched along C, u
which satisfies the above conditions, C(S) is a cyclic extension of C(P 2 ) with degree
p. Hence, we can apply the resluts in §§1 and 2 to  th is case, and we obtain

the following:

Theorem 3.5. L et n: S -+ P 2 be a f inite norm al cover over P2 whose covering
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degree is a prime integer p. A ssum e  that the branch locus of it is  C1 u C2 , where C,
is a smooth curve whose degree is ni , and the divisor C , + C , has at m ost simple

norm al crossings. Then
(i) T here ex ists a  unique integer y  w ith  1 < y < p —  1, and

singularities o f  S  are all cyclic quotient singularities of type
(p, y) or (p, p — y) and they  do not appear simultaneously.

(ii) The direct im age of  a structure sheaf  o f  S  is isomorphic to

P- 1 ( k
Cp2 C) C) CO2 —(n, + (p — v)n,) + [ k (p  v ) 1n 2 )

k =1 P

where [ ]  denotes Gaussian symbol.

Remark. Since qoutient singularities are rational, we can compute numerical
invariants of a minimal resolution of S by using the above results. For p = 3, y
=  1  and  p = p, y  = p —  1, we obtain Yamamoto's results.

P ro o f . (i) U nder th e  above assumption, it i s  a  cyclic covering o f  order
p. Therefore, the rational function field C(S) is obtained a s  follows :

C(S) = C(13 2 )(0)

where

OP = go, for some yo e C(P 2 )

Let
(0 0 = Ev i D10)

and

(40) = D(;°

be irreducible decompositions into prime divisors with respect to  the zero divisor
of go and the polar divisor of go respectively. By the assumption, we may assume
that either

(a) DY ) =  C1 , D(,̀ °)  =  C 2  and all y ; (i > 2), [ii (j > 2) are divisible by p,
or

(b) DV ) = C,, D (
2
° ) = C 2  and all y i (i 3), iii (j 1) are divisible by p.

Case (a) Let f „, f 2  b e  local equations for DY )  a n d  D r  respectively. Then,
locally go is represented a s  follows:

where (g/D =  E vi Dr) a n d  (g(
2P) =  E B y th e  assumption, g.c.d.(v,, p)

i>2 j> 2
=  1 .  Therefore there exists a  p a i r  o f  integers (k 1 ,1 1 )  s u c h  th a t  /co ',  + pl,
= I. H e n c e ,
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1k1v1 k i p
k1

 =

g
k kf 2"“ g 2 i p

f1  (   g kl '
  )

P

Let v, 12 b e  a  unique integer such that

= pl 2 + v 0 < v  < p.

Then

k
k

= 
f  1 9 1  

)p
f vI1 2  1 2 g 1 1

k1 ) P
f ( P  r )  9 1

J 1.) 
f

2( p i ,  + 1 A 2  g k2 1

Let L be the line bundle which is linear equivalent to

(E ki t ti vi co+ (I, + 1)0,°) + 12 1)
(
1'

) — E ki vi Dr)
2 i > 2

Then

L® 1 Y ,
°

1 + (p —

and we can construct a  norm al cyclic covering g' which ramified over C, u C2 .
Obiously, C(S) = C(P 2 ) C ( P 2 )(0") = C(g) and [C (P2 )(0): C (P 2 )]
=  [ c ( p2 ) ( ek, ) :  c(p2)] Therefore C(S) = C(g), a n d  S  g. Moreover, by the
local equation in  the  to ta l space of L , singularities o f S  a re  all cyclic quotient
singularities of type (p, v).

A  proof for case (b) is sim ilar to case (a), so w e om itt it.
(ii) B y  t h e  re su lts  of Esnault-Viehweg (se e  V ie h w e g  [5 ]) , n  is flat

m orphism . Therefore, we can apply Lemma 2.1, and obtain the desired result.
Q.E.D.

DEPARTMENT O F  MATHEMTICS

K Y O TO  UNIVERSITY

Current Address
DEPARTMENT O F MATHEMATICS

F A C U L T Y  OF SCIENCE

KOCHI UNIVERSITY
KOCHI, 780 JAPAN

References

[ 1 ] S. l i t a k a ,  Algebraic Geometry, Springer G .T.M ., 76.
[ 2 ] G . Kempf, Appendix of "D . M umford, Varieties defined by quadratic equations", Questioni

sulle varieta algebraiche, Corsi dal C IM E.,  Edizioni C rem nese, Roma, 1969.
[ 3 ] D . M u m fo rd , Abelian varieties, Oxford.

120

f 12C I ti I f



A  cyclic covering of a projective manifold 121

M . O ka , O n  the  topology of thecomplement of a hypersurfaces in P " ,  Quart. J. Math. Oxford
(2), 28 (1977), 229-242.
E . V iehw eg, Rational singularities o f  higher dim ensional schem es, Proc. o f  th e  A.M.S.,
63 (1977), 6-8.
E. Viehweg, Vanishig theorem s, J . fiir die Reine un Angew M ath., 335, 1-8 (1982).
J .  W av rik , Deformations o f  branched coverings o f com plex m anifolds, Am er. J. of Math.,
90 (1968), 926-960
S. Y am am oto, Covering Spaces of P 2 Branched along Two Non-Singular Curves with Normal
C rossings, Commentarii M ath. Univ. Sancti Pauli, 33(1984), 163-189.


