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Abstract

For a ramified covering f:Y — X between compact complex manifolds, we
establish a formula relating the Chern numbers of Y and X. We obtain the formula
by localizing characteristic classes via the Cech-de Rham cohomology theory. As
corollaries,we deduce generalizations of the Riemann-Hurwitz formula and a for-
mula of Hirzebruch for the signature, as well as formulas for other invariants such
as the Todd genus.

1 Introduction

Let f:Y — X be aramified covering between n-dimensional compact complex manifolds
with covering multiplicity u. Let Ry = 3, r;R; be the ramification divisor of f, and
By = 3, b;B; the branch locus of f. We assume that the ramification divisor and the
irreducible component of the branch locus are all non-singular. Our main result is

ot ey (Y) =g e e (X)
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In the above, Y™ ; iN; = n and we set formally

HéNl"'N“j(lj =1 ((H(c, §) + ci-1(§) - l)N) —c "'dﬁ(f)) = nz—'lPa(Cl"'Cn—l)la,

a=0

where P, is the coefficient of [* of H(l) as a polynomial in .
We prove the formula for Chern numbers by applying the framework of the localization
of characteristic classes based on the Cech de-Rham cohomology theory. ([L1], [L2],



[LS].) Our methods of proof are very elementary and computational. Classically, all
sorts of topological invariants can be calculated as the integral value of differential forms
through the de Rham theorem, which gives the representation of cohomology classes
and describe the explicit corespondence in the Poincaré duality. The Cech-de Rham
cohomology theorey plays the same role for relative cohomology groups as the Alexander
duality. So applying this analogy, we can localize Chern classes at the ramification set,
which gives us more specific geometric information about what is caused by degenerancy
of holomorphic maps.

2 Preliminaries

2.1 Cech-de Rham cohomology theory

First we will give a brief sketch of the Cech-de Rham cohomology theory. (see [BT], [L1],
[L2], [S].)

1 Definition.

Let X be an n-dimensional C*-manifold and U = {Ua}aer an open covering of X,
whose index set I is a countable ordered set such that (ag,...,ap) € IPH is totally
ordered if Uy, N...N Uy, # ¢. Let us consider the de Rham compl_e;{ of sheaves of germs
of smooth forms on X

R . LR LI
Now let C? (U, A?) be the group of Cech. cochains of degree p with values in A7, The
commutativity of the two operators, the Cech coboundary operator 6 and the exterior
derivative d, gives rise to a double complex {C? 7 = C? (U, A?);6,d}. The associated
single complex (A*(U), D) is defined by
' ATU) = @ cru, A
ptg=r
, D =6+ (-1)Pd.
We call the cohomology groups H" (A* (U)) of this associate single complex, the Cech-de

Rham cohomology groups of X. This cohomology is canonlcally isomorphic to the clas-
sical de Rham cohomology ([BT)).

2 Product structure.
We also define a product structure A" (Ll) X A (U) — Arte U) as

(0~ Tagay = z(—:l)(r_")(p_”)aao...a, A Tayay-
v=0
Then it induces the cup product structure for the cohomology of the Cech de-Rham
complex, which is, via the above 1somorphlsm compatlble with the usuall product in de
Rham cohomology.



3 Integration.

Next we define the integration on the Cech-de Rham cohomology group which is
compatible with the usual integration on the de Rham cohomology group ([L1]). Suppose
now that the manifold X is oriented. Before making our definition, we introduce the
following concept.

Definition. Let i and X be as above. A family {Rs}aer of n-dimensional manifolds

R, with piecewise smooth boundary in X is called a system of honey-comb cells adapted
to U if:

(1) R C Uy, X =U, R |

(2) Int(R.)NInt(Rg)=¢ if a#p.

(3) Rag-wap = Mh—g Ra, is an (n — p)-dimensional manifold with piecewise smooth bound-
ary for any (ag- - - ap) € IP*L.

(4) If (oo - - ) is maximal, Ry...q, has no boundary.

We also give Rq,..c, an orientation by the following rules.
(1) Each R, has the same orientation as X.
(2) Rag(0)--ap(p) = 591 (p) - Ray.ap, fOr @ permutation p.
(3) ORug-ap = Lo Ragarpar -

Now suppose that X is compact, and {Rq }aer & system of honey-comb cells adapted
to U. We define the integration on A™ (/) as

/X:A” (4° (U)) — C,

( > /R . oau._..a,,), o€ A" ().

aqap€elrtl

o=t

p=0

Then we see, from the fact that this integration is independent of the choice of the system
of honey-comb cells for D-cocycles and it vanishes for D-coboundaries, that it induces
the integration on the cohomology group

/X:H" (A*(U)) — C,
‘which is compatible with the usual integration on the de Rham cohomology.

4 Alexander-Lefschetz duality.

Finally, we describe the Alexander duality in terms of the Cech-de Rham cohomology
([L1] [L2] [S]). We suppose that X is the same as above, and let S C X be a compact
subset of X which admits a regular neighborhood, Uy = X — S, and U; a reguler neigh-
borhood of S. Now we set U = {Up,U;} and consider the Cech-de Rham cohomology
of X associated with the covering U. We set A" (U,U;) = ker (A" (U) — A" (Up)) =
{ (00,01,001)| 00 =0 } so that we have the exact sequence '

0— A" (U,Uy) — A" (U) — A" (Uy) — 0.
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Then we conclude H™ (A* (U, Up)) = H™ (X, X—S; C) from the de Rham theorem and
the five lemma.

Let { Ry, R1} be a system of honey-comb celles adapted to &. Then we still have the
integration

/X:A"(U,UO) —C,

/a:/ 01+/ oo1 ,
X Ry Roy

for o = (0,01, 001) € A®(U,Uy). This again induces the integraﬁion on the relative coho-
mology

~ given by

/X L H™ (A* (U, Up)) —> C.

‘The cup product induces the pairing A™(U, Uy) x A"~ "(U;) — A™(U,Up), which fol-
lowed by the integration, gives a bilinier pairing

AT(L{, UO) X An_r(Ul) — C y
which induces the Alexander duality
H'(X,X — §;C) = H* (A4* U, Up)) = H""(Uy; C)* & H, ;. (S;C).

5 Chern-Weil theory for Cech-de Rham cohomology.

We recall some fundamental results of the Chern-Weil theory, the dlfferentlal geomet-
ric treatment of characteristic classes (see [GH}).

Let X be an n-dimensional C*°-manifold and 7: F — X a C* -complex vector
bundle of rank r over X. Then the i-th Chern class ¢; (E) in H%5 (X:C) is represented

by .
1
(V) = P'(©
«()= (52) @),
where we denote by P* the i-th elementary symmetric polynomial, and © the curvature

matrix of a connection V on F in terms of some frame for £. Then there is the following
well-known result for invariant polynomials determined by connection forms ([B]).

Suppose that mE — X is a C°°-complex vector bundle of rank r over X, and
Vo, -+, Vp, connections on E. Then there exists P' (Vy---V,) € AA"=D-P (X)) such that

. p . . ~
dP* (V- V,) = Y (=1)i#-1pf (Vo T v vp) ]
i=1
The immediate construction of the above secondary term is given as follows. Let us
consider the trivial extension £ x R? — X x R? of the vector bundle E over X X'R?,
and 7: X x R? — X the canonical projection. We take V = (1 —t; — -+ — t,)Vo +
t1Vi+---+1,V, as a connection on E x R? and we set

P! (V- V) =7 (P (V)),
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then it has the desired property. Here ”"7,” means the integration along the fibers. By
applying the above result for invariant polynomials determind by connection forms, we

can express the i-th Chern class ¢;(E) in H* (A* (U)) as follows. ([L1], [L2], [LS].) Let
V. be a connection on E|y, over U,,

HEL (X;R) = HY (A (U))
ci(E) «— [((ci(Va)as ((ci(Va)aer))p)] -

In particular, for the case where the covering is given by U = {Uy, Ui}, the Cech-de
Rham cocycle (¢;(Vy), ¢i(V1), ¢i(Vo, V1)) represents the i-th Chern class of E.

6 Correspondence between fundamental classes and cohomology classes of
divisors.

Let X be an n-dimensional compact complex manifold, and D a divisor on X, with
local defining functions {f,} over some open covering {U,} of X. Then, D = {f,,U,}
defines naturally a complex line bundle Lp which has the system of transition functions

{9op = fof f3}. We know that, in the Poincaré duality, the Chern class ¢;(Lp) represents
the dual of the fundamental class of the divisor D,

Hpg (X§ C) & Hy 2 (X;C),
¢ (Lp) «— [D],
(/X c(Lp) Ay = /D"”’ Yo € 727? (X)) .

Here, we find a. more specific correspondence between the fundamental homology class
and the Chern class of D in the Alexander duality, by localizing the Chern class in terms
of the Cech de Rham cohomology theory. For simplification, here we assume that the
divisor D is non-singular. (Indeed the following discussion can be applied to the general
case. (Originally due to [S].)

Let X be an n-dimensional complex manifold, D a compact non-singular divisor on
X, and Lp — X the associated line bundle of D. If D is given by local defining
functlons {fa}, then those functions clearly give a section fp = (fa,Us) of Lp, whose
zero locus coincides with D itself. We set Uy = X — D, m:U; — D a sufficiently small

.tubular neighborhood, R; a closed disk bundle over D Whlch is contained in U;, and Ry
the complement of the interior of R;.

We consider the covering U = {Up, U1} with a system of honey-comb cells {Ry, R;}

adapted to U. Then as is discussed in the previous sections, the class

c1(Lp) = ( e1(Vo),e1(V1),e1(Vo, V1) )

in the Cech-de Rham cohomology can be localized at D, by taking an fD—trivial connec-
tion Vg, as the connection Vj on Uj so that ¢;(Vy,) = 0.
Now let us consider the pairng

AU, Up) x A 2(U)) — C,
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and compute

/ ei(Lp) ~n —/ a(Vi)An +/ 1{(Vo, Vi) A7

for i € A 2(U;). We note that the elements of A%(U,U) are expressed as cocycles
~ whose component on Up vanishes.

Since m:U; — D is a deformation retract, U; and D have the same homotopy type.
So we have H*~2(U;) & H?~%(D), which implies

n=7n"0+dp,

for some 8 € A?*~2(D), and p € A>3(U;). Using the Stokes’ theorem and dR; = —Ryy,
we compute ' ’

/Rl (Vi) AT 2/& cl(vl)/\w*e+/Rl cl(Vl)/\dp=/Rl CI(V‘)A”*H“/&,] (V1) Ap,

[ e vyrn = [ a(VoVi)aro+ [ (Ve Vi) nds

= /Ro CI(VO,Vl)/\ﬂ'*e-*"/ Vl /\p+/ Cl(VO,V1>/\p

Hence we have ; ‘
A. Cl(vl)/\’i'l'l'/l:z Ci(Vo,Vl)ATl / cl(Vl)/\vr*0+/ Vo,vl)/\ﬂ' 0

Let Vy, be a connection on the normal bundle Np of D. Since Lp|p = Np, and also
Lply, & 7*Np, we can take 7*Vy, as the connection V; on Lp|y, so that we have

/Rl (Vi) A0 = /R cl(wvaD)/\w*h/R w*(cl(vND)Ae)=/Dcl(vND)/\e=o,

1

because the last term is the integration of a 2n-form on a (2n — 2)-dimensional subman--
ifold.

Next, we compute the boundary integral fp ¢i(Vo, V1) A 7*6. Since the question
is purely local, for any fixed point p € D, and V, C D a neighborhood of p, we set
U, = 71 (V,), and take a local coordinate system (Up, z) around p sufficiently small so
that we may assume that D = {z; = 0} on U, U, C Uy, and Nply, has a non-vanishing
section sy. Then 7*sy gives a section on U for Lp. If we give a trivialization of Lp by
sy, then on U, — D

fo=2=2"7"sp,

and therefore the connection form 6 o of Vs, with respect to the frame 7*sy has the form
dfp Z fp = dz1 /2 of the Cauchy kernel on U. To compute the secondary term ¢;(Vy, V1),
let § = (1 — )0, + 16,
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c1(Vo, V1) = . (dd — O A G) = 0; — 6.

Now by the Cauchy integral formula, we have

/ Cl(VOa Vl)/\ w0 = 0= / 71,
Ro1NU, DnU, DnU

/Rm,cl(vo,vl)-/\ 0 =»/De=/D¢1.

To organize the results of the above calculation, we obtain the correspondence

which implies

H?(X,X-D;C) = H?(A*(U,Uy)) = Hao—2(D;C).

(0,c1(V1),e1(Vo, V1) ) «— [D]

We remark that the above correspondence is more precise than that of the Poincaré
duality. (1): We do not need the compactness of the ambient space X. (2): The dual of
the Chern class is found in H,(D), which indicates explicitly the location of singularities.

3 Proof of the main theorem

In this section, we give the proof of the main theorem. Let X and Y be n-dimensional
compact complex manifolds, and f:Y — X a ramified covering with covering multi-
plicity . If f gives a simple (unramified) p-sheeted covering, then we see that c.(Y) —
pe«(X) = 0, which suggests us that the gap is brought about the ramification. So we
expect that the difference of the Chern classes can be localized at the ramification set.

We recall some basic facts about ramified coverings.

The ramification divisor Rs of f is defined as the analytic hypersurface defined by
{det(df) = 0}. Let Ry = 3 r;R; be the irreducible decomposition of Ry. Then we have

ri+1=[Oyy: f"Ox f(y)]

the degree of integral extention Oy, over f*Ox f(,) for a generic point y on R;. In other
words, r; indicates the number of deceasing of sheets at R;.

The branch locus By of f is defined by the direct image f*Ry of Rf under f. Let
" By = 3 b;B; be the irreducible decomposition of B;. Then we have

bi=p—#f\(z)

for a generic point z on B;.

Now we assume that the ramlﬁca’clon divisor of f and the irreducible components of
the branch locus of f are all non-singular. Here we remark that the branch locus possibly
has some self-intersection between other components It followes from the assamption
that the ramificcation divisor of f is non-singular, that f| r.: Ri — B is non-degenerate

“so that it gives the un-ramified covering over B;, with covering multiplicity r; /b;.
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First let us consider the case where the ramification divisor Ry has only one compo-
nent, hence the branch locus By also does. We set Ry =r- R, and By =b- B.

Let w: Vi — B be a tubular neighborhood of B, and we take a coveringd = {Up, U;}
of Y with, Uy = Y — R, and m:Ur — R, a tubular neighborhood of R such that
Uy C f71(V1). We consider the Cech-de Rham cohomology of Y associate with the
covering of U, and set, in H35(Y) & H%(A*(U)), that

ci(TY) «— ( ci(Vo),ci(V1),¢i(Vo, V1) ),
G(fTX) «— (&(Vo), ci(Vh),ei(Vo, V1) ).

Since df:TY — TX gives a bundle homomorphism outside the ramification, and
since U; and V] are tubular neighborhoods of R and B respectively, we have

TY|y-r = f'TX|y-g,
TY|y, = 7N ® *TR = Lg|y, & 7°TR,
FTX|y, 2 f"(W"Ng ®@w'TB) 2 f*(Lgp & w*TB).

In particular on U1 — R, Lr E f*Lp are isomorphic as trivial bundles. Thus we can take
connections on each neighborhood as follows:

Vo=V
such that
. 60‘1/1_5 = .Vf*fB @f*w*VTB,
- Volp-r = Vg @7°Vrg
= Vi @7 Ve,
and

Vi=f*"Vi, ® f'w Vrs,
V-l = VLR 35 W*VTR.

In the above, for a non-singular divisor D we denote by fp, Vs, and Vrp, the section of
D, the fp-trivial connection, and a connection of the tangent bundle of D respectively.

Next we do local computation for secondary terms. Notation and choice of local
neighborhood and frames are the same as in 3.1.

O _ 7r*0TR 0 W*GTR 0
- (72 2)

R

_ W*HTR 0
B 0 (1—1t)0s, +1t6,

W*HTR Q
0 6 )
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Thus

i ~ ~ ~ i d7r*0TR—7r*0TR/\7r*0TR 0
Pi(dA - AN A) P( 0 GG nG
= (d0— 6 AG) A P (dx"0rg — m0rg A T07R)
+ Pi(dw*HTR - W*QTR A W*GTR).

Since only 6 involves the ﬁber coordinate ¢, it follows from the projection formula that
¢i(Vo, V1) = #P(dA— AN A)

#.{(df — G A G) A PI1 (7 (dBg — Or A BR))}

= Cl(VfR, VLR) A ’R'*C,'_l(R).

To express the secondary term of ¢ - - - ¢ (Y) € H2(A*(U)), we set

n n—1 )
HEN""NN)(Z) =1 (H(Ci(f) +eina(8) - DY = e "‘Civ"(f)> =D Paer- o)l
i=1 : a=0 '

Then the Cech-de Rham class of ¢ - - - ¢N=(Y) is represented by,

n

(W*(Ci“ -y )(R), I_II(W*Ci(R)+7T*C¢—1(R)01(LR))N,‘ (Vi Vip) A H:(r]}rz‘"'N")(cl(LR))) :

This can be proved by induction for the number of indeterminate ¢; as follows. Here we
remark that the degree of the class is not necessarily equal to n, the dimension of the
ambient spaces. It follows from the inductive hypothesis that

eft o (¥) =

=1

k
(W*(C{V‘ - )(R), [I(w*ei(R)+7* i1 (R)er (Lr))™, 1(V gy Vig) A H(T%""N")(Cl(LR))) :

Nis1 /s
Ck-ﬁ (Y) =

(el (B), (7 euns(B) + 7" e R)ea(La)) ™, (Vo Vi) A HER (cr(Lr) ).

Thus, the secondary term of ¢} - .. c,lc\:'j1 (V) is

) C{Vl ..-ckN:TI(Vo,Vl) -
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=M (M (Vo) A (Yo, Vi) + et -+ e (Yo, Vi) A (V)

‘ k1 N
= c1(Vy,,Vig) Aa(Lg)™ (l:[l(ﬂ*cz’(R) + m*cici(R)er(Lr)™ — et - Ckffl(R)>

= c1(Vg, Vip) A HEY M) (ci(LR)),

which completes the induction. _

In particular for the case when n = Y1, ¢ - N;, from our assumption that the ramifi-
cation divisor has degree r we have f*Lp = (Lg)®"*!, thus f*c1(Lp) = (r + 1) - c1(Lg).
Since f|z: R — B is non-degenerate, it follows from TR & f*T'B that c;(R) = f*ci(B).
Therefore we have

HR " ei(Lr)) ~ [B] = Hpgg ™ ((r+ 1) a(f(Ls)) ~ [(b/r) - B]

N gﬂTI:——l_)aPa(cl T Cn-—l) ~ei(Lp)® ~ [B]

By caiculating the Cech-dé Rham class of M. LM (f*TX) all the same, we obtain
M. CNn(Ty) — MM (TX) =
<0, (k% %), (Vg Vig) A(Hpg " (er(Ir)) = (r + 1)H(iv%}§N")(01(f*LB)))>-

( We omit the component on U; since it vanishes by evaluating on R because of overdegree,
which gives integration of 2n-forms on hypersurface, as observed in 3.1. )
Now, as discused in 3.1, it follows from the correspondence of the Alexander duality that-

- (TY) ~ [¥] = il e (TX) ~ [X]
= /Rci(VfR,VLR) A (HER ™™ (e1(Lr)) = (r + DHEFE (e La)))
= Héffs“'”**‘?@l(LR)) ~ [R] = (r + DHyy "+ (ei(Lp)) ~ [(b/r) - B]

lp(1 - (r +1)oH)

_Z r+1)°‘

Po(c1(B) -+ cn-1(B)) - c1i(Lp)* ~ [B].

We assumed that the ramification divisor of f is non-singular, so we can assume that
the tubular neighborhoods of irreducible components of the divisor do not intersect each
other. Hence taking independent sum we conclude: '

Theorem [Chern number formula for ramified coverings] :

Let f:Y — X be a ramified covering with covering multiplicity p between compact
complex manifolds of dimension n, Ry = ¥, r;R; the ramification divisor of f, and B ;=
3; b;B; the branch locus of f. We assume that the ramification divisor and the irreducible
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components B; of the branch locus By are all non-singular, and suppose that n = PR
N;. Then:

{Vl . ~-c£]“(TY) — [Y] — - civl ---cg"(TX) ~ [X]

= Z(H%’E"N"W_LRJ) ~B] = (re+1) - B ™ (er(Ls)) ~ [B])

(r; + 1)>*)
ri(r; + 1)

Po(ei(Bi) -+ ca-1(Bi)) - e1(Lp,)™* ~ [B%],

o)t

i a=0

where we set

HM (1) = 17! (H(ci<f)+c,-_1(£>-l)m—ci“v-o ) ZP eI
=1 =0
3.1 Applications

In this section, we give some applicaﬁons of our formula. ,
The result for the top Chern class implies the generalized Riemann-Hurwitz formula

X(Y)—p-x(X) = —Z b; - x(B),
which is a special case of the formula proved by Y.Yomdin, [Y].
In case that (n = 2):

The result for the second Chern class inplies

(TY) ~[Y] = p- co(TX) ~ [X] Zb x(B

We remark that the more general formula is proved for algebraic cases. (sée 1.
We can also deduce the formula for the square of the first Chern classes as follows:

(TY) = ] = oo () ~ ()= = 5 (20 () + M2 D, ).

Now from the fact that the signature of the surface is expressed by L; = (1/3)p; =
3(=2¢; + ¢2), (The calculation for T and L- -genus is found in [H1}), we obtain:

Theorem [The formula for signature for ramified coverings]
Let f:Y — X be a ramified covering between compact complex analytzc surfaces with
covering multiplicity p, Ry = 32; i R; the ramification divisor of f, and By = ¥, b;B; the
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branch locus of f. We assume that ramification divisor and irreducible components B; of
the branch locus By are all non-singular. Then

Sign(¥) - - Sign(X) = ((¥) = 4 ;r(X))
= (@) - (X)) ~2(e(Y) - - (X))}

(r: +2)
= Z3(7~,+1>B B

Originallly, the formula for signature for cyclic coverings is formulated for 4-manifold as
follows.

Theorem [Hirzebruch [H1] | Let X be a compact oriented differentiable manifold of
dimension 4 without boundary on which the cyclic groups G, of order n acts by orien-
tation preserving diffeomorphisms. Suppose that'Y is differential submanifold of X, not
necessarily connected, and has codimension 2. And G, operates freely on X —Y . Then

2
_]. 1 1
" Tlyy

Sign(X)—n - Sign(X/G,) = =
where Y' is the branch locus in X/G..
We can also deduce the formula for the Todd genus, which is (cs + ¢2):

Theorem Under the same assumption of the above theorem,

T(Y) - T(X) = m{(ealY) - - ol X)) + (V) = - (X))}
, _ —Z( T (B + ((ri+1)2'—1)Bi‘Bi>-

127‘,‘(7‘,‘ + 1)

In general, however, the calculation for the T-genus or the L-genus is more compli-
cated, as examples we introduce formulas for the cases n = 3, 4,5, and 6. (Also see [H1].).
(n=3): |

T3 240102,
H(l) = g((c2 + ) + cil).

T(Y) — p-T(X) = -3 (bi»Tz (ZBi) + bi(lrir(ir;-li)lﬁ) /Bi Tlifi) - cl(Né.-)> .

(n=4):"

Ty = % (—ca+ ez + 3¢2 + 4coc? — céll)’r



H(l) = 5(15coc1 + 5(ca + )l — 13).

T(Y) - T(X) = —Z%B"?
T; 2 3
+ Z e +4i)1) ! /B T2§§) — c1(Ng,)

(1—(r; +1)3

1

We can also define the signature for n = 4, as

Ly = 45(7172 - ) = 4%(1404 — l4czer + 3C% + 4626% - c‘ll)
H(l) = (- 1062 +5) - %) .

ri(ri + 1)

_Zb ’l'1+1)4)/ clLB)?’

i(ri +1)3

Sign(Y) —p- Sign(X) = — Z bi(l — (ri + 1)2) / LI(B) — ¢1(Lp,)

i

7

(n=25):

Ts = p35(—cac1 + c3c} + 30201 - czcl)
H(l) = 1440{( cs + csc1 + 3c2 + deac? — c}) + 5eecyl — 113}

T(Y)-p-T(X) = _Z_Tflg_Bi)
. , o
+yh 1T1(T2 ;4;)1) )/.Ta B) < ex(a)

(i + 1)3 720

(n=6):
L3 = 3= (62ps — 13pap; + 2p?)

= _33.15.7('—124c6 + 124cs5¢; — T2c¢4c0 — 26040%
+ 62¢2 — 52c3cact + 26¢3cs + 10¢3 + 11c3c? — 12¢act + 265).

H(l) = 55-{(98cs — 98csey + 21c3 + 28cact — 7cf) - 1+ (14cy — 7cf) - 1P + 21°}.

1 T“ 2 2(Bi
Sign(Y) — 1~ Sign(X) = —Zb'(lri(fi fl)” D[ B e

i

) }(Ns,) -
+E ri(ri +1)2 / 720

Zb(l—n 14)/’:1’13) S(Np.

19
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b(1 = (ri+1)*) r Li(Bi)
B z@: ’I",,'(’I'i + 1)3 B; 45 =

Zb(l 7’,+1)6)/ 261 LB
r(rs + 15 Jm, 945

ci(LB.‘)3

i
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