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0. Introduction

Let Z,={AeC: A"=1} be the cyclic group of order n and let 7: Z, > O(v) be a
fixed point free representation of Z, in the orthogonal group. t lets Z, act
without fixed points on the unit sphere §*~! and the quotient manifold M of
dimension m=v—1 is called a lens space. If m is even, then either n=1 and M
=S" is the sphere or n=2 and M =RP™ is real projective space. As S™ and
RP™ are well understood, we restrict henceforth to the case m odd and v even.
Since v is even, t is conjugate to a representation t: Z, — U(k)SO(2k=v). (See
Wolf [13].) Let K(M) and KO(M) denote the complex and real K-theory rings,
and let R(Z,) and RO(Z)) denote the corresponding representation rings. Let
p(A)=125 then {p},<,., parametrize the irreducible complex representations of
Z,s0 R(Z,)=Z[p,]/(p" —1). The structure of RO(Z,) is a bit more complicated
and will be discussed in Sect. 1. Let ¢: RO(Z,) - R(Z,) and ¢: KO(M)— K(M)
denote complexification; this is a ring morphism. Let r: R(Z,) > RO(Z,) and
r: K(M)— KO(M) denote the operation of forgetting the complex structure;
this is an additive morphism but not a ring morphism.

If p is a representation of Z,, let V, denote the bundle over M correspond-
ing to p. The map p—V, defines maps 0,.:R(Z)—K(M) and
0.: RO(Z,) - KO(M) which are ring morphisms. Atiyah [2] proved the map
R(Z,) — K(M) is surjective. We refer to Gilkey-Karoubi [9] for

Theorem 0.1. Let M =S**"1/1(Z ) be a lens space of dimension m=2k— 1.
(@) If nis even, 8, R(Z,)—>K(M)—0and 0,: RO(Z,)—>KO(M)-0.
(b) If n is odd, there are split short exact sequences

R(Z,)-2>K(M)->K(S") -0 and RO(Z)-2>KO(M)—KOS™ -0
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Remark. Since K(S™)=0, we recover Atiyah’s theorem. Furthermore:

- . Z,f m=1(8)
KOS )_{0 if m is odd otherwise}

so that 6, has cokernel Z, precisely when m=1(8) and n is odd. Let K, (M)
and KO, (M) denote the image of 8, and 0,; these are the subrings of K(M)
and KO(M) generated by bundles which stably admit flat structures. We let
“tilde” denote the corresponding objects of virtual dimension 0 and we let
Ry(Z,) and RO,(Z,) denote the augmentation ideals of representations of
virtual dimension 0. Theorem 0.1 implies:

K(M)=Z @K, (M)

KO(M):Z®KOflm(M)®{

Z, if nis odd and m=1(8)
0 otherwise

Consequently to compute K(M) and KO(M) it suffices to calculate K, (M)
and KO, (M).

The eta invariant of Atiyah et al. [3] is an R/Z valued spectral invariant
measuring the spectral asymmetry of a self-adjoint elliptic operator. We refer
to the first section for further details. Let M =S52*"1/1(Z ) be a lens space, then
M inherits a natural unitary and spin® structure. Let P denote the tangential
operator of the spin® complex. P is a first order self-adjoint elliptic differential
operator. If p is a representation of Z,, the transition functions of V, are
locally constant so the operator P, with coefficients in V, is canonically defined
and locally isomorphic to the direct sum of dim(p) copies of P. The eta
invariant is additive with respect to direct sums so #(P)eR/Z is well defined
for peR(Z,). We refer to Gilkey [6] for the following result.

Theorem 0.2. Let M =S>*"1/1(Z,) be a lens space of dimension m=2k—1. Then
K(M)=Ry(Z,)/Ry(Z,) and |K(M)|=n*"1. K(M) depends only on (n,m) and not
the particular t. Let P be the tangential operator of the spin® complex. Define a
bilinear R/Z valued form on Ry(Z,)®Ry(Z,) by nlpy, po)=n(P, s,,) This ex-

tends to a bilinear form: N .
Nt Ko (M) ® K¢y, (M) > R/Z

which is non-degenerate. In other words, if peRy(Z,) and V=V, then V=0 in
K (M) if and only if n(p, p)=0Y p,€R(Z,).

Remark. Since K, (M) is pure torsion, the eta invariant takes values in Q/Z in
Theorem 0.2.

Define #: KO, (M)® K(M)—R/Z by n(V, W)=n(c(V), W). This extends
these invariants to KOy, (M). The extent to which ¢ fails to be injective is a
matter of 2-torsion. One can refine the eta invariant just enough using the
reality condition to detect Ker(c) and consequently to completely detect
KO, (M) using the eta invariant. The major result of this paper is the
following:

Theorem 0.3. Let M =5%*""/t(Z,) be a lens space.
(a) Let n be odd. Then c: KO, (M) — K (M) is injective and the invariants of
Theorem 0.2 completely detect KO, (M).
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(b) Let n be even and let m="1(8). Then ¢: KO(M)— K (M) is injective so the
invariants of Theorem 0.2 completely detect KO, (M).

(c) If nis even and if m is not congruent to 7mod8, then ker(c)=2,. Let y
=r(py—p1)€R0(Z,). If m=1,5(8), let m=2(2j+1)—1 and let W(m) corres-
pond to the representation y'-(p,,—po). If m=3(8), let m=2(2j)—1 and let
W (m) correspond to the representation y. Then W(m) is an element of order 2
which generates Ker (c).

(d) Let n be even and let P be the tangential operator of the spin® complex
over M.

() If m=1,5(8) the map p—n(P,) extends to a map KOM)—-R/Z.
(i1) If m=3(8) the map p —>g-11(Pp) extends to a map KO(M)—R/Z.

(€) Let n be even. If m=1,5(8), then n(Py,)=0.5. If m=3(8), then
—g-n(PW(m)):O.S. The invariants of (d) together with the invariants of Theorem (0.2

completely detect KO(M). N
() If = and T are two fixed point free representations, then KO(S**~1/1(Z,))
=KO(S*1/7(Z,).

Remark. The proof of (b) will rely on a result of Yasuo [14].
The orders of these groups are given by

Theorem 0.4. Let M =S**"1/t(Z ) be a lens space. Let e=1 if n is odd and e=2
if nis even. Let m=2k—1. Then:

(a) If m=1(4) so k=2j+1 is odd, then |c(KO(M))|=¢'-n’,

(b) If m=3(4) so k=2j is even, then |c(KO(M))|=¢&'-n/~1,

(¢) If m=1,5(8) so k=2j+1 then |K O, (M)|=&/*1.n/,

(d) If m=3(8) so k=2j then |KOy, (M)|=¢*1.n/~1,

(e} If m=7(8) so k=2j then |K O, (M) =¢-n/~1.
Remark. Since K(RP**~1!) and KO(RP*1!) are groups with only one genera-
tor, this gives the additive structure if M =RP?*~1,

This paper is divided into three sections and an appendix. In the first
section, we review the analytic facts concerning the eta invariant and prove
Theorem 0.3(d). In the second section, we will complete the proof of Theorem
0.3. In the third section, we will prove Theorem 0.4. In the appendix, we give a
list of some of these groups calculated on a computer using the eta invariant;
further details are available from the author upon request.

It is a pleasant task to thank Professors A.Bahri and M. Karoubi for
invaluable assistance on some of the topological details in this paper.

1. The eta Invariant

Let M be a compact Riemannian manifold without boundary of odd dimen-
sion m=2k—1 and let P: C*(V)— C*(V) be a self-adjoint first order partial
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differential operator. Let {.,};°, denote the spectrum of P where each eigen-
value is repeated according to its multiplicity. Define:

n(z, P)y=Tr(P-(P)~E*V)= 3 sign(4,)|4,|~*

AvEO

for Re(z)>0. 5(z, P) has a meromorphic extension to C with isolated simple
poles on the real axis and z=0 is a regular value. Let

n(P)=% {n(0, P)+ dim ker (P)}eR/Z

be a measure of the spectral asymmetry of P. If P(¢) is a smooth [-parameter
family of such operators, then 5(0, P(f)) has integer jumps as spectral values
cross the origin. The reduction modZ yields a smooth function of the
parameter t. We refer to Atiyah et al. [3] or Gilkey [7] for details.

If M is a lens space and if P is the tangential operator of the spin® complex,
the eta invariant can be calculated in terms of generalized Dedekind sums. We
refer to Donnelly [5] for a proof of the following lemma.

Lemma 1.1. Let M=S**~%/t(Z,) be a lens space and let P be the tangential
operator of the spin® complex over M. Let peR(Z,). Then

MB)=" T Tr(ple)-det(I—5(g)~" mod Z,
geln,g+1

We prove Theorem 0.3(d-i) as follows. Let M =S2*"1/t(Z,) be a lens space
of dimension m=1(4), let P be the tangential operator of the spin® complex on
M, and let V be a real vector bundle over M. Fix a Riemannian connection V
on V and let B, denote the operator P with coefficients in V defined by the
connection. The leading symbol of P is unique, but the 0" order terms depend
upon the connection chosen. We define #(V)=#(P,). We must show this is
independent of the choice of connection; since the eta invariant is additive
with respect to direct sums it extends to KO(M).

Let V, and F; be two different connections and let ch denote the Chern
character. Let Tch denote the transgression of the Chern character so that

ch(V,)—ch(V,)=dTch(V,, 7,)

(sce Chern et al. [4] or Gilkey [8]). Let ¥, and ¥V, denote V with the two
connections. Let L be the bundle corresponding to the representation det(z);
this is the complex line bundie of the spin® structure. If A is the A-proof genus,
we proved Gilkey [8] that we can lift #(P, )—#(P,,) from R/Z to R so that

1(Py,) =n(Py,)= | A-ch(L)-Tch(Vy, V).
M

Since L has a flat structure and since M is conformally flat, ch(L)-A=1. Since
Vo, and V, are real Riemannian connections, Tch(V,, ¥,) has components only
in degrees j=3(4). Since m=1(4), we conclude that this integrand is 0 so #(B,)
=#(P,,) which completes the proof of Theorem 0.3(d-i).
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Suppose next that m=3(8) and that n=2v is even. Let y,eRO(Z,) define
isomorphic real vector bundles. We must show that the normalized eta in-
variants coincide in R/Z. We compute as above:

v-{n(P,,)~n(P,)}=v- jA ch(L)-Tch(V,,V )=0v f Tch(V,

y1? " vo y1? YO)
This is a local formula. If we lift it to the universal cover, we multiply by the

order of the covering so that
v-{n(P,)~n(P,)} =3 I Tch(V,, V).

Since we are working in R/Z we complete the proof by showing

| Tceh(v,,V, )e2-Z.
§m

12 7 Yo
Since the sphere is simply connected, all locally flat bundles have natural
trivializations. An isomorphism between V, and V, over §™ is equivalent to a
map g: $”— GL(dim(V), R); Tch is the pull back of a suitable expression in
the Maurer-Cartan form. Let W, be the real vector bundle over §*=m+!
defined by the clutching function g. Then

S[nTch(vl,vo)= [ ch(w,®0).

Sm+1
(We refer to [7] for details.) The Atiyah-Singer index theorem implies

[ ch(W)eZY WeK(S™*).
Sm+1
Since m=3(8), the map c: KO(S"*Y)=Z - K(§"*1)=Z is multiplication by
two (see [10] for example). This proves

| Tch(y,,yo)€2Z
Sm

which completes the proof of Theorem 0.3(d).

2. The Real K-Theory of Spherical Space Forms

If p is a representation of Z,, let p* denote the dual representation; p¥=p__.
We have c{r{p))=p + p¥, r(p)—r{p*) and r(c(p))=2p. We say that p is self-dual
if p=p* If n is even, there are two self-dual irreducible representations p,,
and p,; if n is odd, p, is the only irreducible self-dual representation. We note
that ¢: RO(Z,) — R(Z,) is injective. We begin the proof of Theorem 0.3 with

Lemma 2.1, Let A={peR(Z,): p=p*} and let Ay=AnNRyZ,). A is a sub-
algebra of R(Z,) and A, is an ideal of A.

(a) Let n=2v+1. Then additive generators for RO(Z,) and A are given by
0> 7(p1). 70} and {pgs p,+p_ Yo ys, TESPECively.
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(b) Let n=2v. Then additive generators for RO(Z) and A are given by

00 7(p)s s 1(py 1), p,} and {po, Py, ps+ P _ 3o sy respectively.
(¢) Let 5—Zps be the regular representation then 3-R,(Z)=0. Ler 1 be

fixed point free and let o= Z(-l)"/lk(t) det(I —1)eRy(Z,). If B-a=0, then §

is an integer multiple of 9. a- R(Z )=R,(Z )"
(d) Image (c)=A. Let y=r(py—p,) and let a=c(y)=2-p,—p,—p_,. Then

Ro(Z)=0o/-R(Z,) and R, (Z)"*'=o/-R,(Z,)
ANRGZ) =04 and ARG (Z) ' =o-A,.

Proof. Assertions (a) and (b) are immediate. Since Tr(6(1))=0 for A1,
tr(0-p(A)=0 VieZ, VpeR,(Z,). Therefore 6-R,(Z,)=0. Conversely, let
B-det{(I —r)=0. Since det(I —1)(A)*0 for A=%1I, we conclude tr ((2)=0 for A1
and the orthogonality relations imply f is an integer multiple of 8. The
remaining assertion of (¢) are immediate. Image (r)=A by (a) and (b). Let
peANRYZ)* and let t=j-p, +j-p_,. Since t is a fixed point free representa-
tion of Z,, Ry(Z,)*'=det(I —7)-R(Z,)=o-R(Z,). We decompose p=a’-B. Since
p and « are self-dual, we conclude o/ f* =p =p* =a/- B* so that o/-(f—f*)=
This implies f—f*=c-d. As 0 is self-dual, f—p*=p*—~f which implies f is
self dual. Consequently ANR,(Z,)*/ =a-A. Similarly, let pe4nRy(Z,)*>/** and
decompose p=o’-f for feR,(Z,). Then as f must be self-dual, pea’- 4, which
completes the proof.

We can now prove Theorem 0.3(a). As K(M) is a finite group of odd order,
it is clear that KO(S** )= Ker(c). We must therefore show that ¢ is injective
on KOy, (M). Let BeRO(Z,) and let V=V,eKO0y,(M). Suppose c(V)=0. We
must show V=0. By Theorem 0.2, ¢c(B)eR,(Z )N A. Let y=r(p,—p,) so that
c(y)=2-p,—p,—p_,. First let m=1(4) so k=2j+1 1s odd. Use Lemma 2.[ to
decompose c{f)=c(y)-y for some yeA,. As y is self dual, we may decompose

y= 3 colptp_—2-p)=v+7F for yy= Y (p,—po).

O<ssw O<s=v

Since ¢(y’)-y,€R(Z,)%, the bundle defined by this representation is zero. Since

c(B)—c(r(c()-y ) =c(B) —c(¥))-y, —c(y))-7F =0,

and since ¢: RO(Z,)—>R(Z,) is injective, f=r(c(y’)-p,) and Vy=r(V,,;.,,)=0.
Next let m=3(4) so k=2j is even. Use Lemma 2.1 to decompose c(f)=c()’)-y
for some yeA. Decompose

Y=Co'pot Z

O<s<n

where ¢,=c_,. As d-c(y)=0, we may replace y by y+¢ if necessary to assume
without loss of generality that ¢, is even. Let v, =(co/2)-po+ Y. ¢,-p, so that

O<s=vy

y=7v,+7% Since c(3’)-7,eR(Z,), the bundle defined by this representation is
zero. Since ) ) . .
c(B)—clr(c()y ) =c(y’)yy—c(y)y,—c()vi=

B=r(c(y)-y,) and V,=0. This completes the proof of Theorem 0.3(a).
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If m=7(8), ¢ is injective if n is a power of 2 by Yasuo [14]. More generally,
decompose n into its prime power decomposition and consider the correspond-
ing direct sum decomposition of K;,. The 2-primary piece injects by Yasuo.
The odd primary piece injects using the same argument as that given above to
prove Theorem 0.3(a). This completes the proof of Theorem 0.3(b).

We now prove Theorem 0.3(c) and 0.3(e); we recall that 0.3(d) was proved
in section one. Suppose first m=1(4) so k=2j+1 is odd. Let y=r(p,—p,) and
let W correspond to the representation y’-(p, — p,). Since c(y/- (P, — PNER(Z,Y,
c(W)=0 so WeKer(c). Let ffleRO,(Z) and let V= VﬁeKOfm(M) Sup-
pose c(V)=0 so c(f)eR,(Z,)**. By Lemma 2.1, decompose c(B)=-c(})-y
for yeA,. We modify the argument given for n odd to take into account the
one extra self-dual representation. Decompose y= > ¢, {(p,—po) +(0_.—po)}

0<s=v

+e-(p,~py) where e=0,1 reflects the parity with which p, —p, appears in 7.
Let p,= Y ¢, (p,—p,)- Since

c(B)y=c(r(c(¥)v)+e-c(k)(p,— po)=c{r(c(r)-v;) +e-y'-(p,~ po)}

B=r(c(y’)y,)+e-y-(p,—po) Since c(3)-y,€R,(Z ), the bundle defined by this
representation is 0. We replace § by f—r(c(y’)-y,) without changing the given
bundle V. Thus without loss of generality, we may assume f=e-y'-(p,— p,) for
e=0, 1 so that Ker(c) is a subgroup of order at most 2 generated by W.

We use Theorem 0.3(d) to show W is non-trivial in KO, (M). Let
t-Z,—»U(k) be a fixed point free representation. Since det(I—1)-R(Z,)
=Ry(ZY=c()(p,—po), we may choose yeR(Z,) so that y-det(]—1)
=c¢(y)-(p, — po). Let U be the complex bundle defined by y. By Lemma 1.1:

1Py eu) -2 2 Tr((2)- Tr(c)A)-Tr(p,— po)(A)-det(I ~2(2)

Ar=1,A%1
1 1 .
= Y (l”—l)-(l—l)‘lzg YA+ 429
Ar=1,2%1 An=1,2%1
v v 1
— Avt —=—-=—modZ.
”,1721( +...+1%— L =R =700

Let y=c-po+7y, for yoeR,(Z,) and let U, correspond to the representation yp,.
Then n(Py gy)=c-n(By)+n(Bygy,) As the map (W, U)—»n(PW®U) extends to a
map in K-theory by Theorem 0.2 and since W=0 in K., (M), we conclude
H(Pygy) =0 so that c-x(P,)=0.5. Since Ker(c) has at most 2 elements, W is an
element of order at most 2 in KO, (M). Since W —#(P,) is well defined as a
map in KO-theory, #(Py) is an element of order 2 in R/Z. This implies ¢ is odd
and #%(B,)=0.5. This shows W is non-trivial and completes the proof of
Theorem 0.3(c, €) in this case.

Next we consider m=3(8). Let m=4j—1, let y=r(p,—p,) and let W be the
bundle corresponding to the representation y’. Since c())eR,(Z,), ¢(W)=0 so
WeKer(c). Let BeR0,(Z,) satisly c(V;)=0. Decompose c(f)=c(y’)-y for
yeR(Z,); v is self-dual so y= ) c.-p, for ¢;=—c_,. By adding an appropri-

O=s<n
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ate multiple of J, we may assume without loss of generality that ¢, is even. We
may therefore decompose y=1v,+y§ +e-p, where e=0, 1 reflects the parity of
co- By replacing f by f—r(c(y’)-y,) if necessary, we may assume without loss of
generality that c(f)=e-c(y’) so that V=e-W. This shows Ker(c) has at most 2
elements, that Ker(c) is generated by W, and that W has order at most 2.
Choose 7 so y-c(y)’=det(I—1). Let U be the bundle corresponding to the
representation v, then

1 .
n(PW®U)=5-;n_IZ) . {Tr(y-c(N)(A)}-det(I —z(A)~"
1 n—1
5}}]:;1#1 1 :TZOS

The same argument as that given in the case m=1(4) then shows #(P,)=0.5
which completes the proof of Theorem 0.3(c, ).

Finally, let 7; define lens spaces M,;=8"/1,(Z,). Let feR(Z,) define bundles
V. over M;. Suppose V,=0 so that ¢(V,)=0. This implies c(f)eRy(Z)* for
2k—1=m and consequently c¢(¥V;)=0 as well. This completes the proof if n is
odd or if m=7(8). In the exceptional cases, we conclude V,=c-W where ¢=0, 1

does not depend on i and can be determined from the representation f. Since
V,=0, ¢c=0 which shows V¥, =0. This complete the proof of Theorem 0.3.

3. The Orders of the Real K~Theory Groups

We shall need the following lemma in the proof of Theorem 0.4.

Lemma3.1. Let M=S%*~%/1(Z,) be a lens space. Let a=(p,~p_,)(p,—p;)
=c(y) and let 4 and A, be as defined in Lemma 2.1. Set ¢=1 if n is odd and ¢
=2 if n is even. Then |4,/ A|=¢ and |a-A/o-4 | =n.

Proof. If n is odd, then A, is generated additively by

2:p0—ps— P ={po—0)(Po—p_0}
:{(Po_Pl)'(Po_P_1)'(Po+ vt o) pot P I}
=o- A.

Therefore |A,/ad|=1 if n is odd. If n=2v is even, there is an additional
element p,—p, not considered if n is odd so Ay/a-A4 is generated by p,—p,.
Let ¢ be the order of p,—p, in Ay/a-A. Since a-A=R(Z )*~A by Lemma 2.1,
c(po—p,)eRG(Z ) Let 1=2-p, and let

1
ind, (B, 7)=_ M_IZH Tr(B(2)-y(A)-det(I —z(A)~".

By Theorem 0.2 and Lemma 1.1, c¢-(p,—p,)€R(Z,)* if and only if
ind,(c-(pg—p,), po—p=0€R/Z for 0<s<n. We compute
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ind, (e (g —p ) po—p=- ¥ (L=A)(1—1)-(1-H

An=1,4%1

=S )+
Rogn_ta+1

—wvsc 1 —sc

= - A e D) ) =—
n+nm};1( Fo A DT e D=

using the orthogonality relations. Since s¢=0(2) for all values of 5, c=2 and p,
—p, is an clement of order 2 in A,/a-A. This completes the proof of the first
assertion. We prove the second assertion by decomposing A=Z.p,+ A4, so
that aA=a-Z @ a-A,. This shows o generates wA/a-A4,. Let ¢ be the order of «
in a-Afoa-A,. Then c-aea-A,=R,(Z) nA. Let 1,=2-p,+p_, so that
det(I —13)=ua-(py—py). We let indj{c-a, p,—p) be the corresponding
Dedekind sum, then c-a€Ry(Z,)? if and only if ind,(c-o, p,—p,)=0 for all s.
We compute:

ind, (c o, p, —ps)zg Y a1 —2%)-(a(A)-(1~ )~

Ar=1,A%1

c -—
=5 Y )= modZ
Mogna1a%1 n

so that ¢=n which completes the proof.

We prove Theorem 0.4(a) by induction. Let k=2j+1 and M=S8**~1/7(Z ).
If j=0, then M=S' and K(M)=0. We may therefore assume m>1. Consider
the short exact sequence:

0o/~ TApfal Ay~ Ayfal Ay > Agfed ™t Ay —0
80 |Ay/alAg|=1A/0i " Ay|-|Ap/a- A, Multiplication by o«/~! induces an iso-
morphism between 4,/aA4, and «/~' A,/o/ A,. The short exact sequence
0—-adj/ady—Ayjady—Ag/aAd—0
shows |A,/aA,|=¢-n by Lemma 3.1. Consequently
| KOpy(M™)|=[40/(A N Ro(Z, ) =1 Ao/l A,
=[Ao/0 "t Ayl-en=en|c KOy, (M™ %)

This recursion relation together with the initial value for m=1 completes the
proof of Theorem 0.4(a).

To prove Theorem 0.4(b), we let k=2j so m=3(4). If m=3, then |KO,, (M)
=|Adq/a-A|=¢ by Lemma 3.1. This completes the proof if j=1. For j>1, we use
the short exact sequence

0o/ A/l A > {c(R O (M) = A/ A} — Ag/ad = Ay —0.
This shows '
lc(ROM))|=¢-|Ag/ed = Ayl =5-(e-n)

by Theorem 0.4(a). This completes the proof of Theorem 0.4(b). The remaining
parts of Theorem 0.4 now follow from the calculation of Ker(c) in Theorem 0.3.
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Appendix

It is often useful to have lists of K-theory groups to check various conjectures.
Using the results of this paper and a computer program, we have computed the
additive structures of the K and KO groups listed below. If n=p-q for p and ¢
coprime,  then  K(S"/Z)=K(S"/Z)®K(S"/Z,) and KO, (S"/Z,)
=KO0,(S"/Z,)® KOy, (S"/Z,) so in computing these groups, we may assume
n is a prime power without loss of generality.

k n R(s4z,) K0y,(842,)

12 - z,

32 Z, Z,

52 Zz, Zg

72 Z Z,

9 2 Z, Zs,

12 Z, Zg,

13 2 Z, Z, s

15 2 Z128 ZIZS

17 2 Z,q Zsi,

19 2 Z,, Z1624

1 4 - Z,

34 Z, Z,®7,

5 4 z,087, Z.®Z,

74 Z,,@®Z,07, Z,807,

9 4 Z,0Z,87, 7,7,

114 Z,0Z,6Z, Z,®Z,

13 4 Z128@28®Z4 ZIZS@ZS

15 4 2256®28®ZS ZIZS@ZS

17 4 Z512®216®ZS Z‘512®ZIG

19 4 Z]024®216®Z16 ZSLZ®Z32

18 - Z,

38 Z, Z,87,

5 8 Z,0Z, Z,6DZ,

78 Z,®L,8Z, Z,60Z,

9 8 Z,04;97,0Z, 292,07,

11 8 Z,,,@Z;0Z,0Z,8Z, Z5,DZ,0Z,9Z,
13 8 Z,,@Z,,0L,0Z,02,8Z, Z,560Z, 82,07,
15 8 Z5,®Z,,02,,0Z,0Z,82Z,0Z, Z,56DZsDZ, D7,
17 8 Z,0,,®Z,,0%,,0Z,02,02,82, Z102a@ZL DL, DZ,
19 8 Z5044@Z;5,025,0Z2,0Z,02,02, Z100a82,602, 82,
1 16 - z,

316 Z Z,®Z,

5 16 Z,,®Z, 7,07,

T 16 Z,®ZBZy Z,8Z,

9 16 Z,,,®Z;DZDZ, Z1,s®Z,0Z,
116 2,,,02,,0Z,,0Z,0Z, 21,592, DZ,DZ,
13 16 Z;,,07Z;,0Z,,0Z,0Z,9Z, Z51,DZ,sDZ,0Z,
15 16 Z15:,®Z;,0Z5,@Z,0Z,0Z,0Z, Z51,02,,0Z,07Z,
17 16 22048@ZM@Z32(-BZ8®Z4®Z4®Z4(-BZZ 22048@Z32®Z4®Z4®ZZ
19 16 Z4096®ZG4®Z64@Z8®Z8®Z4®Z4@ZZ®ZZ 22043®Z32@Z4@Z4®22®22
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132 - Z,
3 32 Z, Z,®Z,

5 32 Zo,®Z, Zss®Z,

7 32 ZIZS®ZIG®ZIG 254@22

9 32 ZZS6®Z32®216@ZS Z256@216®ZZ

11 32 ZSIZ®ZSZ@Z32®ZS®ZS ZZSG®ZIG@ZZ®ZZ
13 32 ZIOZ4®Z64@Z32®ZB®ZS@ZB ZIOZ4®Z32®ZS®ZZ
15 32 22048®Zﬁ4®264®28®ZS®ZS®ZS ZlOZ4®Z32®ZS®ZZ
17 32 Z4096®2128®Z64®216®ZS®ZS®ZS®Z4 Z4096®ZS4®ZS@ZS®ZZ
19 32 28192®ZIZS®ZIZS®ZIG@Z16®ZS®ZS@Z4®Z4 Z4096®264®ZS®ZS®ZZ@ZZ
13 - -

33 2z, -

53 Z,@Z, z,

73 Z,0Z, Z,

9 3 Z,@Z, Z,

11 3 Z,,®Z, Z,

13 3 Z,,0Z;, Zy,

15 3 Z4,@Z,, Zys

173 Zg@Zy, Zgy

19 3 Z,,3,®Zs, Zg

19 - -

39 2z, -

59 Z,®2Z, Z,

79 Z,,0Z,®Z, Z

9 9 Z,,0Z,,0Z;8Z, 237®Z;4

119 Zg®Z);@Z;0Z;DZ; Z37®Zs

13 9 23,07 @Z;@Z;8Z,07, 25, @202,

159 2,025, DZ;DZ;DZ;DZ,DZ, Zy®Z,DZy

179 Z,,3802,,,02,0Z,0Z,0Z,DZ,0Z, 2,030Z,8Z,07,
199 25,007,430 Z,0Z;DZ,DZ,BZ;BZ, Z243@Z;,BZ,0Z,
127 - -

3 27 Z,, -

527 Zz7®sz 227

727 Zg,©Z,7DZ Z5,

9 27T Zy®Zs BZ,DZ, Zg: @Z,

1 27 7,382, ®Z,QZ D7, Zg1®Z,

13 27 Z,,3@Z,,,0Z,82,82Z,07Z, 22430 ZoDZ,

15 27 23,502,482, 0Z,BZ, DL, BZ, Z3438Z,0Z,
1727 2,027,602 DZDZDLyD LD Zy Z730@ZoDZyDZ,
19 27 22187@2729(-927@29@29@29@29@Z9@23 Z729®29®Z9®Z9
15 - -

35 ZzZ, -

55 Z,@Z, Zs

75 Z,@Z.®7Z, Z,

9 5 Z.@ZBZPZ, Z,®Z,

115 Z,0Z,0Z,6Z, Z,®Z,

13 5 Z,.8Z,,0Z.,0Z, Zys®Zs

155 ZZS®ZZS®ZZS®ZS ZZS®Z5

17 5 ZZS@ZZS®ZZS®ZZS ZZS@ZZS

19 5 ZIZS®ZZS®ZZS@ZZS ZZSEDZZS
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1 25 - -

3025 Z,. -

5 25 Z,8Z,, Z,s

7 25 ZZS®ZZS®Z25 ZZS

9 25 ZZS@ZZSC—BZZS@ZZS ZZSC_BZZS

11 25 ZlZS®ZZS®ZZS®ZZS®ZS ZZSC-BZZS

13 25 ZlZS@ZIZS®Z25®ZZS®ZS®ZS ZlZS@ZZS@ZS

15 25 2125®2125®ZIZS®Z25®ZS®Z5®ZS 2125®ZZS®Z5

17 27 ZlZSC-DZIZS®2125®2125®ZS®ZS®ZS®Z5 2125®2125®ZS®ZS
19 25 ZGZS@ZIZS(-BZlZS@ZlZS®ZS®Z5@Z5®ZS®ZS ZIZS®Z125®ZS®ZS
L7 - -

37z, -

51 72,87, Z,

77 Z,0Z,8Z, z,

9 7 Z,87,8Z,DZ, Z,8Z,

7 7,02,82,872,®Z, Z,87Z,

13 7 Z,07,0Z2,92,0Z,87Z, Z,0Z,07,

157 Z,,0Z,0Z,0Z,8Z,®Z, 7,902,802,

177 Z,092,,02,0%4,042,9%, Z,®Z,®Z,

19 7 Z,,0Z,,0Z,,02,82,087, Z,s®Z,0Z,
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