SOME FUN WITH PRIMES
USING FOURIER SERIES TO SIEVE INTEGERS

JOHN WASHBURN

ABSTRACT. This paper develops an exact count function for the
number of primes that are the upper prime of a pair of twinned
primes.

The method used is a modified Sieve of Eratosthenes. The
strand functions of the modified sieve remove integers which are
congruent to either 0 or 2 for some modulus, P;. The strand func-
tions for each of the strands of the sieve are represented by a Fourier
series which converges almost everywhere to the strand function.
The strand functions for the r strands of the sieve are combined to
form a member function for the whole sieve. The member function
of the sieve is then integrated to create the count function of the
number of sieve survivors less than or equal to x. The sieve count
function can then be evaluated at a paticular value of x, and all
sieve survivors in the range: 1 < z < P? " 1 — 2, are the upper prime
of a pair of twinned primes.

With the count function defined, the lower bound on the value of
the count function is derived. Using this lower bound it is possible
to prove that for all r > 12 there exists at least one integer in the
range, 1 < xz < Pr+12 — 2 which survives the sieve constructed.
Such a sieve survivor is necessarily the greater prime of a pair of
twinned primes and, because r may increase without bound, there
must be an infinite number of primes which are the greater prime
of a pair of twinned primes.
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1. INTRODUCTION

The sieve of Eratosthenes is an elementary method for finding primes.
Generalizing slightly one can introduce the following ideas:

e Strands to the sieve,

e The basis for each strand in the sieve,
e The modulus of the sieve, and

e Survivors of the sieve.

A strand can be best defined as a linear equation over a modulus.
The modulus is the basis of strand. A sieve is a system strands where
the basis of each strand is relatively prime to the basis of every other
strand in the sieve. The modulus of the sieve is the product of the
several basis of each strand of the sieve. A survivor of the sieve is an
integer that is not sieved by any of the strands of the sieve. In this
paper the basis for every strand is a prime number. Specifically, if
the sieve has r strands the basis of the strands are the first r primes;
2,3,5,..., P,

A simple 5-strand sieve will help to illustrate these concepts. Since
this paper is ultimately about twinned primes, the example sieve will
not sieve for prime numbers, but instead will sieve for the the upper
prime of a pair of twinned primes. T'wo numbers, x and z+2, are prime
if both x and x4 2 are relatively prime to every prime less than or equal
to equal to \/x. This can be represented by a system of Diophantine
equations.

In order for an integer n to be the upper prime of a pair of twinned
primes

en<P? —2
en#0 (mod P;) for all 1 <i <r, and
en—2%#0 (mod P;) forall 1 <i<r.
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Another way to represent these conditions is with a system of Dio-

phantine equations:

n=1 (mod 2)

n# 40,2} (mod 3)
n#40,2} (mod 5)
n#{0,2} (mod 7)
n#40,2} (mod P._s)
n#{0,2} (mod P,_4)

n #{0,2}

(mod P,)
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Each of the discrete,integer equations in (1) can be represented as
discontinuous periodic functions:

fl(:c):{l O<z<l (20)

0 I<ax<x?2

1 O<z<xl
0 1I<x<3

~

O<z<l1
l<zx<?2
2<xr<4
4<x<H

N 7

O<zx<l1
l<ax<?2
2<xr <6
b6<z<T

(2d)

N\ 7

O<z<l1
l<zx<?2
2<x<10
10<x <1l

(2e)

SO = O = O = O =k O = O =

Ve

(21)

~

O<z<l1
l<ax<?2
2<x<P_9—1
P_o—1<ax<P_9

fra() = (28)

N 7

O<zr<l1
l<ax<?2
2<r<P_;1—1
P_i—-1<x<P._,

fr—l(x) =

N\ 7

O<ax<l1
l<zx<?2
2<r<P.—1
P—-1<z<P.

fr(l‘) =

S = O = O = O = O = O =

Ve
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where the strand functions are extended over the whole real line by
the periodic relations:

w
. B

fi(z +2n) = fi(z) VneZ 0<z<2 (3a)

fa(z 4+ 3n) = fao(x) VneZ 0<z<3 (3b)

fs(z +5n) = f5(z) VneZ 0<z<5h (3c)

fa(z +7Tn) = fu(z) VneZ 0<z<T (3d)
fs(z + 11n) = f5(2) VneZ 0<z<l1l (3e)

: : (3f)

froo(x+ Pr_on) = fr_o(x) VneZ 0<xz<P._, (3g)
froi(x+ Pooyn) = fr1(x) VneZ 0<zx<P._, (3h)
)

fr(x+ Pn) = f.() VneZ 0<z<P,

—~
(8]
—

The strand functions are periodic modulo P; , which is the basis of
the strand. The strand functions have a value of either 1 or 0. The
strand functions are undefined at the discontinuities which mark the
transitions between 0 and 1. The strand functions were defined in this
manner so that the integral of an individual strand function would yield
a proper counting function for the individual strand of the sieve. If one
of the strand functions is integrated as follows:

xT

Fi(z) = /fj(t)dt where: 1 < j <r

t=0
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the result is

F() r O<ax<l
x:
! 0 1l<z<?

exended by: Fi(x) = F} (x -2 LEJ) + LEJ

2 2
r O<zx<l
Fy(z) =
0 1<z<3
T T
exended by: Fy(x) = Fy (IB -3 LgJ) + LgJ
T O<ax<l1
0 l<x<?2
Fy(z) =
r—1 2<zxz<4
0 4<x<h
T z
exended by: Fi(x) = Fj3 (x -5 LEJ) +3 LEJ
T O<ze<l
0 l<xr<?2
F4([E):
r—1 2<x<6
0 b6<ax<7
T x
exended by: Fy(x) = F) (a: -7 L?D +5 L?J
T O<zx<l1
0 l<ax<?2
FT,1($):
z—1 2<x< P._4

P_1-2 Pi-1<zx<P_4

exended by: F,_y(x)=F,_1 |z — P i + (P —2) x
Pr—l Pr—l

T O<zr<l1
0 l<x<?2
r—1 2<x<P,
P.—2 P —-1<x<P,
. _ T x
exended by: F.(z) = F, (w — P, \‘EJ) + (P, —2) {FTJ

The count function for a particular strand ramps up from N to N+1
in the intervals where the strand function is equal to 1. The count

F.(x) =
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function for a particular strand remains constant for the intervals where
the strand function is equal to 0. The function, F,(x), is the count
function for the strand f,.(¢). This is because for all integer values, n,
F,(n) is the number of integers less than or equal to n which survive the
strand function, f,.(¢). For all real values of x, | F.(x)| is the number of
integers less than or equal to x that survive the strand function, f,.(¢).

Using the strand functions defined above it is possible to create a
survivor function, my(r, t), for a sieve of r strands. The strand functions
are multiplied together and, neglecting for the moment the values at
the points of discontinuity, the product of the first r strand functions is
the survivor function of the r-strand sieve. The sieve survivor function
is 0 everywhere except for unit intervals where the function is equal to
1. The unit intervals where the survivor function is 1 are exactly those
intervals of n — 1 < & < n where n is an integer that survives all the
strand functions of the sieve.

The product of the first, r strand functions is:

mo(r,t) = Hfj(t)

The function, mo(r, t), has a value of either 0 or 1. The function, ms (7, t),
is 1 in the interval n — 1 < x < n, if and only if n is an integer which
survives the first r strand functions. The function, mo(r, %), is 0 in all
the intervals n — 1 < & < n. The function, m(r,t), is undefined for
x € Z; the transitions between 0 and 1. Integrating the membership
function, mo(r, t), of the sieve yields the counting function:

T

T (r,z) = / o (r, t)dt

_ / [H fj(t)] i

Integrating a product of several functions is difficult. This definition
of the sieve does not seem to be much of an improvement. Fortunately,
each of the strand functions meets Dirichlet’s conditions. Because of
this, for every strand functions there exists a Fourier representation
which converges almost everywhere to the strand function. At the
points of discontinuity the Fourier series representation of the strand
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function converges to 1/2. Thus, every strand function can be repre-

sented by a Fourier series of the form

) =3 C Gy !

nj E€Z

where:

P
) 1 —omidt
C(],’I’Lj) = F / fj(t)e Fidt
j
t=0

Evaluating the above integrals for 7 = 1, for j = 2 and for j > 2 yields:

Separating out the case where n; = 0 yields:

0(1,0):%
C(2,0)=
Cl0)=1-=2

P

J
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Separating out the case where n; # 0 yields:

1—e ™% 1 —(—1)™

C(1 = 6
( ’nl) 27T’in1 27TZ"H1 ( a)
1 — e—27rin?2
C (2, nz) = 27m'n2 (6b)
(1 + 647”‘;;;) (1 B ezmg)
CUni) = 2min (6c)
J

Some properties of the Fourier constants, C' (j,n;) , should be noted
immediately.
(1) C (4,—n;) = C (j,n;) where C (j,n;) is the complex conjugate
of C (.77 nj)'
(2) C (4, Pjn;) = 0 for all indices, n; # 0, and 1 < j <r.
(3) C(j,kj +nP;) =C(j,k;)  for all n € Z.

k;
(k]‘ -‘rTLPj
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Equation (7€) can be separated into 3 cases:

Case 1: Z 7 = 0 because all n; =0

Case 2: ) FJ = 0 and at least n; # 0
7j=1

Case 3: > FJ # 0 because at least one n; # 0
j=1

For case 2, Z = 0, if and only if, for all indices (n;; where

1<j5<7) elther P\n] or n; = 0. If Pj|n;, then C'(j,n;) = 0 and

[I C (4,n;) = 0. Separating out the remaining two cases yields:
j=1

:]ﬁC(j,O)dt

1= J=1

" ooty % (8)

+ZZZZ[HC(],HJ>] /e =17 d¢t
ni1E€Z no €L n3EL nr€Z Lj=1

> HA

Jj=1

T (r,x) :xHC(j,O)

, 2rix ; % 9)
e 7 -1
IYY YT [Hcg,nj)] c !
M EZn2€Z ns€Z  np€Z Lj=1 210y F]
S 0 i=1
i=177

The expression above for T'(r,x), is not be pretty, but it is com-
putable. For any value of z, the integer portion of the value of T (7, x)
evaluated at x and r is equal to the number of integers which are less
than or equal to x which survive the r-strand sieve. If the survivor is
in the range, 1 < z < PTQJrl 2, then, by the nature of the sieve, the
survivor is the upper prime of a pair twinned primes. The challenge,
as with all sieve methods, is to understand the behavior and bounds of
T (r,z).

The first qualitative observation is that the count function has two
components; the average growth and the variation about this average
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growth. The average growth term is given by:
Ar.z) =2 [ € (,0) (10)
j=1

and the variation component is given by:

V(r,az)zz ZZZ

n1€Z no €L n3EL nrEZ
T n.;
3 540

[1¢Gn) i

j=1

2mix i %
=1
] : (11)

T
1 ny
271 E P,
Jj=1

Jj=1
Other qualitative properties of T'(r,z), A (r,z), and V (r,z), are:
(1) T'(r,x) is a monotone, non-decreasing function. If y > z, then
T (r,y) > T (r,z).
(2) If m is a integer which survives the r-stranded sieve and n is the
number of integers < m which survive the sieve, the value of
T (r,x) ramps up from n to n+1 on the interval m < z < m+1.
ie. T(r,m)=nand T (r,m+1)=n+1
(3) | T (r,z)] is equal to the number of integers less than or equal
to x which survive the sieve.
(4) V(r,x) is periodic.
(5) The period of V(r,z) is equal to the modulus of the sieve, M,;

where M, = [] F;.
j=1

(6) The minima and maxima of V (r, x) occur when z € Z.

(7) V(r,z) is a series of connect line segments such that
V(r,z) =V(r,|z])

(@ = )V [2]) = Vi L))
(8) For all r > 1, z_: ?D—j € {Q/Z} U{0}. In other words, except for

> % =0 because all n; =0, Y %j ¢ Z. Moreover,
. =1

P.
j=1""7

)5,
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3. NOTATIONAL CONVENTIONS

In this paper all variables, except P, x, and ¢, are assumed to be
arbitrary integers. The variables P; are prime numbers where P, = 2,
P, =3, P =05, P, =7, etc. The variables x and t are assumed to
be real. The function, T (r,z) , is used in this paper to designate the
number of integers less than or equal to x which survive the r-strand
sieve. The more conventional notation for this count function would
be my (r,x). This presents much confusion as the constant, 7, is used
in both the complex exponentials and in the Fourier constants. It is
hoped the less conventional notation, 7' (r, ), will be less confusing.

The notation

Z Z Z Z Zf(nhnmns,-'-,m_l,nr)

n1€Z no€Z n3€Z Nyp_1€EL N €L
T .
> F#0
j=1"17

is cumbersome and will be replaced by:

Z f(ni,na,ng,...,ne_1,n;)
nrel
The vector, n,, is an r-tuple of integers and it is understood any
number of, but not all, indices n;, can equal zero. The r-tuple, n,,
formed by the r indices, (ni,ng,ns,...,n._1,n,), cannot equal the r-
tuple: (0,0,0,...,0,0).
The count function @ can then be written more compactly as:

T (r,x) :xHC(j,O)

HC(]7nJ)

j=1

-y

el

2mix i % (12)
] ¢
2T

D%

is equivalent to
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4. MAIN PROOF

There is an infinite number of primes such that both P and P — 2
are prime numbers.

Proof. From the definition of T (r,z) in equation ({12))

r . r 2mix ZT: B
. ‘ e =17 -1
T(rz)=a][C3,0 +> H(J(j,nj)] — | (13
=1 wreZ Li=1 2mi Yy
=1""
for all » > 0 and all x > 0.
Thus
r . r 2mix ZT: n—]
, . e =7 —1
T(rz)>z[[CG0) -] HC(ij)] —| (14
j=1 el Lj=1 2mi Yy
j=1""
From Lemma [3] for real > 2 and all r > 5 (P, > 11),
o N 6271'1':(:];1}3—; 3
> TIctm| =t < (15
e Li=1 2mi Yy
j=1"
This yields:
T(T,I)>ZEHC(j,0)—2T (16)
j=1
Evaluating above inequality, (15]), at P? yields,
T (r,P?) > P ][ C(,0)—2r (17)
j=1
From Lemma
P1]C(,0)> P +2 (18)

j=1
for all r > 12
Connecting,

e Inequality (18),
e Inequality (|17)), and
e P.>2rforallr>3
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yields:
T (r,P?) > (P +2)—2r
> (P, —2r) +2 (19)
> 2

for all z > 2 and all r > 12 (P12 = 37).

For all z > 2 and all » > 12, T'(r, P?) > 2; i.e. there are two
integers which survive the r-stranded sieve. One of the 2 survivors
of the sieve is the integer 1. The remaining integer which survives
the r-strand sieve, is less than P?. By the design of the sieve, all of
the integers which survive the r-stranded sieve, and are in the range:
1l <z < P,?H — 2, must necessarily be the upper prime of a pair of
twinned primes. Thus, the other sieve survivor of T (r, P?) is the upper
prime of a pair of twinned primes.

Since r can increase without bound there must be an infinite number

prime numbers which are the upper prime of a pair of twinned primes.
O
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5. LEMMA [

Lemma 1.

r

P I]C(.0)- P >2

T
j=1

for all x > 0 and all r > 12

Proof. The proof by induction has to steps:

(20)

e Prove that the propostion being true for r implies the proposi-

tion is true for r + 2

e Prove the propostion is actually true for two successive values

of r.

From Lemma [2]

P, _ —
( 2 2) (PTH 2> o
Pr+1 Pr

for all r > 3, (Py = 5)
Combining this with

Pr+2 Pr+2 _ Pr+2
P’r Pr+2 Pr

Yeilds:

Pr+2_2 Pr+1_2 Pr+2 Pr+2 = Pr+2
Pr+1 Pr Pr Pr+2 Pr

(21)

(22)

(23)
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Combining with the the induction hypothesis yields:

() (7)) (72) (#TTewo) = e ()
(24a)

( 7«+:2) ( T+]13T—2> <sz> <£z> <p3£[10(j,0)> > Py +2 (P]T;)
(24b)

( 7«+j+l ) (Pr+]13r—2> <Pg2> <£:z> <P§j;0(j,0)> > Pio+2
(24c)

( )( ) (PM—z) (m—z) (PE r C(j’0)> Py

Frio P =1

(24d)

P2, Pio—2 1l —
<P1?>(PTZ)< Pr+2 )( T+1 > HC j’ >Pr+2+2

(24e)

Noting that C'(r +2,0) = P’““ 2 and C(r + 1,0) = Z2=2 Equation

Py
(24€) becomes: )
r+2
(P [[CG.0> Pz +2 )
=1
thus,
r r42
ENICG.0 > Pv2= (P2) [[CU.0 > Prat2  (20)
j=1 =t

The two successive values of » = 12 and r = 13 suffice to complete
the proof.
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For r =12 (P15 = 37)
12

2 L T M) B)(5)(9) (1) (15) (17) (21) (27) (29) (35)
(Pi) [ 1€ G.0) = (37 [(2) (3)(5) (7) (11) (13) (17) (19) (23) (20) (31) (37)

j=1
382725
= (1681)
13032214
> 40
> Pip+2

(27)
For r =13 (P13 = 41)

DT e ey [ (D) (D) (3)(5)(9) (11) (15) (17) (21) (27) (29) (35) (39)
(2 T1C 60 = (4% | {5 o G o o ot o

j=1
1148175
= (1681
(1681) {41101598]
> 46
> P35+ 2

(28)
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6. LEMMA [2]

(Pr+2_2) (Pr+1—2> o1
P7"+1 P’r

Proof. Let P,yo = P,y 1+ ko and P,y = P, + ky for some constants: k;
and ks. then

Poio—=2\ (Pp1—2\ (Pt ko—2 P4k -2 (29)
P'r—l—l Pr B Pr—l—l P’r
For r > 3 (P53 = 5) there are 3 cases to consider:
T+1+4—2> <PT+2—2>
+1 P'r

("
< ’“*::2)( 7)
e

Lemma 2.

For anyr > 3

Case 1: k1 =2 and ky = 4.

(PTH + ky — 2) (P +ky — 2)
P'r+1

)
7“+1

V

Case 2: k1 =4 and ky = 2.

(Pm + ko — 2) (P + Ky —2)
P'r+1

() ()
E n) (57

—_

)

V

Case 3: ki >4 and ky > 4

(PT+1+I<:2—2> <P +k1—2)>(P +1+4— 2) (Pr+4—2>
P - P P,
>( T+1+2> <P,,+2)
- P P,
2
> (1 55) (14 7)
1

>
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In all three cases:

(PTH + ko —2> (Pr+k1 —2)
>1
Pr—i-l Pr

combining this with equation (29) yields

P — —
( 2 2) (Pm 2) o
Pr+1 Pr

For all r > 3, (P; = 5)
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7. LEMMA [3]

Lemma 3.

N . 27rix]él % 1
Z (H C (7, n])) SE—— | " (30)
j=1 ' j

Ny €L

for allr >5 and all real 0 < x.

Proof. Define a function, g (r,t), such that:

27t 21 z
N (Ho iy ) — (31)

TLTGZ

for all » > 5 and all real 0 < x.
Using g (r,t) equation can be rewritten as:

Z (HC(]', ”j)> ; =g(r,x) —g(r,0) (32a)

iy €L 270y %
=1
627rizj§1 P—j 1
3 H Gy | | =2 || < 21960 (320)
ez \j=1 27 Z Z—’

Jj=1

From Lemma [

. r 2mit i %
e =17

> (Meon)|ar| < @
arerz \j=1 2mi Yy
j=1""

for all x > 0 and all » > 5.

j
R - 2miz él P—j 1 o . 2mit ;1
(HC’ j,n]> e; <2 Z(HC(j,nj)> 6—7‘
€l ) ‘ j= )
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Combining this with equation (32c]) yields:

T

2mix Y %

s
. n;
ez \j=1 2mi Yy
- J
J=1

Z (HC(J} nj)> e = °-1

< 2r
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9. LEMMA [{]

Lemma 5.

< (1 - ;) (53)

n.€Z

forallz >0 and all r > 2.

Proof. Consider th function:

(21 0<it<1
1-%5)—t(1-32 l<t<?2
g(t, P) = ;_GL;; ?) octep_1 Y
P P
(P-2-3)-t(1-2) P-1<t<P
The Fourier constants for the funtion, g(¢, P) are given by:
P
1
=% /g(t, P)dt =0 (55a)
t=0
1 r P(1—e ) (1+e7F)
_ —2mit % .
=5 /g(t, P)e Pdt = s (55b)
t=0
It is clear from the definition
(147 ) (1- )
C(r,n,) = (56)

2min,

for all » > 2 that

hd e27rit%:
Z C(r,n,) — | =g, P) (57)
2mi
TLTEZ Pr
and that
hd o e27rit2,—’ b
Z (r7 nT) 27T Ny - ‘g(t7 7’)‘ (58)
’I’LTGZ ™
The minima and maxima of ¢(t, P,) occur at {0,1,2, P, — 1, P.} and
respectively assume the values of _P%’ P%, — ( — % 1= P%) , _p%}
at those points.
From this
3
g(t, P)| < 1—— (59)
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Combining this inequality with equation yields:
d 2mit L
e’ Pr 3
C - <|(1——=
> et (G ) < (12 5)
nr€Z Pr
for all z > 0 and all r > 2.

(60)
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Appendix A:

Table of Values of the 5-Stranded Sieve
The functions: T'(5,x), A(5,z), and V' (5, x), are described in section
2l For the case, r =5, A(5,z) is defined as:

A(5,1)
and V (5, x) is defined as:

V(5,8) =T (5,¢)— A(5,1)

=X

154

The function, G(r, z) is defined section Sec:LemmaB as part of lemma
. For the case, r = 5, G(r,z) is defined as:

S ny
2mit 30 B~
=17

G- (Hco,nj)) e =7

n

ireZ \j=1 277@']2 Fj

145

=V (5,0) = o2

which also equals G(5,z) =V (5,x) — %

z || T(5,z) | A, z) | V(5,x) | G(5, )
0 0 0 0] —25m
1 1| 03| 15| 0
18 L 1% -5 | -5
19 2| 14 5| Bp
30 2| 12 7| %
31 3| 1Bl 1B 1
42 3| 25 a| n=
43 40 2| 1E | 15S
60 4| 3% 7| 5=
61 51 33| 18n ) 1L
72 5| 4l w1
73 6| 4L 12| 1%
102 6| 5 |~
103 T 6| B| W




o [T(5.2) [ AG,2) [ V(5.2) [ G5, 1)
108 7 6% % %
109 8| 63 190 | p 0L
138 8 83 —5| —bx
139 9 8% % %
150 9 8% % _%
151 10| 8 120 18
168 10 92 Z| s
169 1| 9 4o | a0
180 11| 102 3 L
181 12| 10 122 15
192 12| 118 8 356
193 13 112 (LR R i
198 13 112 13| 120
199 4] 1% 23T | 216
222 14| 122 12| 1l
223 15| 132 149 | qlu
228 15 135 12 128
229 16| 1332 24T | 2387
240 16| 14% 155 88
241 17| 1432 plal | gl027
270 17| 158 1] 1o
271 18| 1512 2% | 356
282 18| 165 149 1.5
283 19| 162 pac 2L
312 19 182 % 3L
313 20| 185 1109 | 5
348 20| 203 | -S| s
349 21| 20 %5 07
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v [[T(5,2) [AG,2) [V(5,2) [G(5,2)
360 20 21| —o| -
361 22| 214 139 Q07
378 22| 228 | 13| 17
379 23 221 13 ST
390 23| 228 s _eor
391 24| 2214 11 15
402 24| 238 1 AL
403 25| 232 13 125
420 25| 245 S| _ 3T
421 26| 242 130 | 186
432 26 | 2512 % 22
433 27| 25 11 147
438 27| 2548 181 | 1T
439 28| 251% 220 | glis
462 28 27 1| 1
463 29| 274 118 | g l087
480 29| 284 z 5L
481 30| 28+ 18 96
492 30| 2838 19 147
493 31| 2812 22 | 3%
522 31 304 38 25
523 32| 30% 160 | 1AL
528 32 308 12| 15
529 33| 3014 218 | o4l
558 33| 324 0 L
559 34| 3218 13L 12
570 34| 33% 53 2L
571 35| 332ZL 148 3




z || T(5,z) | A5, x) | V(5,z) | G(b,z)
588 35| 34L s RLs
589 36| 342 14 127
600 36| 355 2 =
601 37| 35% 192 1325
612 37| 352 12| 125
613 38| 35 222 22
618 38| 36 18 155
619 39| 3642 2121 | 28I
630 39| 362 220 | 2%
631 40| 3612 3% | 31k
642 40| 372 23 216
643 41 373 3 315
660 41| 383 22| 235
661 42| 383 3oL | 34
690 42| 402 12 128
691 43| 402 241 | 228%
702 43| 413 12 15
703 44 | 4172 219 | 23
732 44| 428 132 120
733 45 | 4212 22 | 255
768 45| 448 2| -3
769 46 | 4412 14 158
798 46 | 465 | —an | -1
799 AT | 4618 B =
810 AT| 473 -2 1T
811 48 | 472 = T
822 48| 482 -3 -
823 49 | 485 139 B
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5% T(5’ig)) A(iéfg V52 | G6.2)

7 77 165
829 50| 48 132 14T
840 50 | 49-L 1 i
841 51| 492 118 8T
852 51| 494 E I
853 52| 491 2.2 238
858 52 502 18] 148
859 53| 502L 2128 | o T5T
882 53| b51E 18 12
883 54| 513 230 | 9. 86
900 54| 524 1L | T
901 55| 5214 22 | U6
942 55| 55 —4| Lo
943 56 | 557 1a7 7
948 56 | 5532 % g
949 57| 55 138 1
990 57 578 —g| 067
991 58| 57P 3 a6
1008 58 |  581Y —lo) 3187
1009 59 | 5814 R
1020 59 | 597 g =
1021 60| 5912 IR <3
1032 60| 602 —u ) s
1033 61| 602 a8 67
1038 61| 602t S| 30T
1039 62| 601k 148 122
1050 62| 614 o o1
1051 63| 615 14| 127




2 [T(,2) [AB.2) [V(5,2) | G6,2)
1062 63| 627 z B3
1063 64| 622 1185 | 98T
1080 64| 63iL 68 £
1081 65| 6322 1120 g s
1092 65| 632 120 | 186
1093 66 | 6312 22 | 240
1122 66 | 653 3|
1123 67| 653 120 18
1152 67| 672 -z o
1153 68| 672 i B
1158 68| 672 B
1159 69| 6742 1 12
1188 69 692 —§| _am
1189 70| 695 2 o
1218 70 712 —12 | -1l
1219 71 | - s
1230 1] 1% —g |
1231 72| Tlie 4| &
1248 72| T2 _13) s
1249 73| 128 | -2
1260 73| T3L —I| -
1261 74| T31% B o
1272 74| T4l | -2 s
1273 75| 748 2 307
1278 75| 743 2| _
1279 76| 742 138 | 158
1290 76| 7532 o z
1291 7| 5% 151 14T
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z [[T(5,x) [A(B,2) [V(5,2) [ G(5,)
1302 T 6% b EuS
1303 78| T6Z 118 8T
1320 8| TS 8 Mo
1321 9 TRl 1B 1.5
1362 79| 7943 —) e
1363 80| 7922 S| U6
1368 80| T9Z 1| g
1369 81| 804 1 1207
1410 81 g2l | —18l| 1201
1411 82| 82| L | 1006
1428 82| 832 | —1% | 14
1429 83| 83 —3 | U
1452 83 848 —18 | 1307
1453 84| g4itt| i} ool
1458 84| 858 | 110 11507
1459 85| 854l | AL | 85
1470 85| 857 ~) sl
1471 86 | 8512 2 -
1482 86| 862 | 2| 20
1483 87| 8612 o
1488 87| 86% 2| -2
1489 88| 872 (e lo7
1500 88| 872 LA 14
1501 89 | 871 18 2
1512 89| 882 z dor
1513 90 | 88 18| 12
1542 90 | 904Z | —4f| -1
1543 91| 90 Lor i




t [ T(5,2) [A(5,2) [V(5,2) | G(5,7)
1578 or| 92l 1| —15%
1579 92| 9248 | A8 _ 866
1608 92| 93%| -1 | -1
1609 93| 942 | 13| -1
1620 93| 9432 12| %4
1621 04| o943 181 1391
1650 94 962 —93 | g2
1651 95| 962 | —1.2 | —118
1668 95| o7 | -2 | —o2u
1669 96| 9rdl| —14l| 1106
1680 96| 982 | —22| —2iF
1681 97| 983 | -1 | 184
1692 97| 988 | 18| _p3Lr
1693 98| oggue | bl 2%
1698 98| 992 | —12| -1
1699 99 992 —2| 88
1710 99| 992 ~1s) s
1711 100 | 99% 4| -
1722 100 | 1007% —L| e
1723 101 | 1004% 2| _du
1740 101 | 1012 _5 | _267
1741 102 | 10112 3| 2L
1752 102 | 1022 B 1
1753 103 | 1022 & i
1782 103| 1043 | —12 | —1341
1783 104 | 10422 ~)| _I8
1788 104 | 1042 | -3 | 21
1789 105 | 1042 S| 25
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[ T65.2) [AG,2) [V(5.2) [ G5, 1)
1818 105 [ 1062 [ -1 [ —13%T
1819 106 | 1062 —2| _1s
1830 106 | 1062 -~ g
1831 107 | 107, | -4 | -2
1848 107 108 —1| -1l
1849 108 | 108+ -4 s
1872 108 | 1098 | —13l| 127
1873 109 | 109 | - | 101
1878 109 | 1092 o -
1879 110 | 10912 2| _:
1890 110 | 1108 | -8 218
1891 111 | 1102 ey 3T
1908 111 1112 —39| _z1
1909 112 | 1115 3| AL
1920 12| 11248 —16 | _lser
1921 113 | 112:4 113 L4
1932 113 ] 11219 L -
1933 114 | 11248 13 145
1950 114 | 1132 2| -2
1951 115 | 1145 e 107
1962 115 | 1142 LI R 14
1963 116 | 11412 148 | 2L
1998 116 | 1162 9| 81
1999 117 | 1163 13| _3
2028 117 11848 | —1%0 | 1280
2029 18| 1182 | & 1B
2040 118 | 11941 —1lf | —qlor
2041 119 | 11948 | 48| _ 86




e[ T6,2) [AB.2) [V(5,2) [ GG, 2)
2070 9] 1208 —1Z2] -1
2071 120 | 12153 | -1 | —18
2082 120 | 1212 | —12| 124
2083 121 | 12138 18} 1391
2088 121 | 12253 | —15 | —134
2089 122 | 1228 Y
2112 122 1232 —13 | 121
2113 123 1235 | -5 18
2118 123 | 123% —g | 287
2119 124 | 12312 B | 356
2130 124 | 1242 | B 2%
2131 125 | 1244 I
2142 125| 1252 .
2143 126 | 1252 5 67
2160 126 | 126 -5 | -l
2161 127 | 1262 109 14
2172 127 1262 S -
2173 128 | 126Z% | 1L | 138
2202 128 | 1282 _53 | 267
2203 129 | 12812 | s
2208 129 | 1292 -2 -
2209 130 | 1292 5 207
2238 130 | 1308 ~g| -
2239 131 | 13072 -
2250 131 1318 | -5 2%
2251 132 1312 S| -
2268 132 | 13288 | 8 21
2269 133 | 132% SN P
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v [ T(5.2) [AG,2) [V(5,2) [G(5,2)
2280 133] 1332 Ly
2281 134 | 133:% 5 i
2292 134 | 1332 1l -
2293 135 | 13454 6 1207
2310 135 135 0 1087

2310
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