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ABSTRACT

The polynomia1 or 'non-trivial' zeros of the C1ebsch-Gordan ()-j)
and the Racah (6-jl coefficients are classified according to their degree.
The majority of these zeros, hitherto considered as non-trivial, are
shown to be polynomia1 zeros of degree one, arising due to binomial expan
sions for these coefficients. -
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Los ceros polinomiales o "no triviales" de los coeficientes de
Clebsch-Gordan (3-j) y de Racah (6-j). se clasifican de acuerdo a su gra-
do. Se demuestra que la mayoría de estos ceros, hasta ahora considerados
no-triviales, son ceros polinomiales de grado uno, que aparecen debido a
expansiones binomiales de estos coeficientes.

1. INTROrucrICN

symboI:

1/2
(2j3+1) C(jI i2 j3; mi rnz -m3)

which is an an!"JUlarroomentwn coupling cocfficient for the coupling oí
th'O angular momcnta, and the Racah cocfficicnt, W(abed;ef), or the 6-j
s)'mbol:

c ¡
r¡ (_1)2+b+e+u W(abeu;ef)

whieh is a reeoupling eocffieient for the reeoupling of three angular "'9-
menta, playa ftmdancntal role in the quantum theory oí angular momentLDn.
The Raeah-Wigncr AIgebra <n Quantum Theory, by Biedenharn and Louek(I,2)
dcal wi th 311 the ramifications oí angular m:JmentlDll theory and sorne oí
the applieations to physieal problcms.

Trivial zeros oí thesc coefficients manifest themselves duc to
a violation oí the triangular incqualitics to be satisfied by the 3ngular
momenta (in the case of both the 3-j and thc 6-j eoeffieients), or, thc
violation oí the addi tivc property oí the projcctions oí the angular mo-
menta and the violation oí 3 symnetry property (in thc case oí thc 3- j
cocfficicnt). The existcnce oí a class of zeros oí thcsc coeffieients,
not duc to thc aforc-said reasons, have becn ealled 35 polynomial or
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" " "1" (l, 2) " h " " h 1"non-trIVIal" zeros, In lterature , Slnce t ey arlse In t e po yn0!!l
ial parts of these coefficients. The first systcmatic studies of the
polynomial zeros of the 6-j coefficicnt and thc 3-j coefficient, were by
Koozekanani and Biedenharn(3) and by Varshalovich a ato (4) respective-
ly.

Koozekanani and Biedenharn (3) tabulated the polynomial zeros
of the 6-j coefficient for arguments ::.18.S and provided explanatims for
the occurrance of two of the 1410 listed zeros - Viz. W(1.S,2,1.S,2;
1.5,2) is zera due to a violation oí the triangle rule fer '-'quasi-spin';
while al1 the normal triangular inequalities are indeed satisfied; and
that W(3 S 3 S; 3 3) is zero due to the cmbedding of the exceptional Lie
algebra G2 in the algebra S07. Judd(S) provided an explanation for the
accurrance oí two other ~1~10ITdalzeros --Viz. W(6 4 5 S ; 9 2 ) and
W(2 4 2 5 ; 5 2), being zero due to vanishings oí fractional parentage
coefficients in the atomic g-shell, though no systematic relationshipwas
fot.D1dto exist far such vanishings and what is more, a third fractional
parentage coefficient becoming zero in the same shell is not related to
any non-trivial 6-j coefficient. More recently, Vanden Berghe a al. (6),
followed the suggestion of Biedenharn and Louck(2) , that realizations of
exceptional Líe algebras might provide bases far explaining these zeros,
and have started to account fer sorne oí the polynomial zeras oí the 6- j

coefficient in a continuing series of papers.
Varshalovich et al. (4) listed the polynomial zeros of the 3-j

coefficient for J(=jl+j2+j3) ::.27. Bowich(7) reduced these listings by
taking into account the Regge symmetries(B) for the 3-j coefficient.

In this article, we classify the polynomial zeros of the 3-j
and the 6~j coefficients, according their degree. The majority of these
zeros tabulated te date -- Viz. 21 out of 36 in the case of the 3-j coef-
ficient and 1174 out of 1410 in the case of the 6-j coefficient -- are
polynomial zeras of degree one, since a rearrangernent of the coefficients
into binomial expansions reveals(9) their presence explicitly. In sec-
tion 2, we outline the basis for our assertion and section 3 contains a
brief discussion of the ntnnerical rnethod adopted to tabulate the zeros
of the 6-j coeffici,nt, followed by the classified tables themselves.
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2. THE 3, j ANOTIlE 6, j COEFFICIFNfS

We have shown(9) that following the procedure of Sato(lO), us-
ing the set oí six series representations [ay the 3-j coefficient defin-
cd by one of us (K.S.R.)(11), we can obtain formal binomial expansions,
which are generali zations oí the Tesult obtained by Sato and Kaguei(12) .
We furthcr showed that this Linomial expansion is exact far n=1 (where
0+1 indicates the number oí terms in the series expansion) and therefore,
we redefine the 3-j coefficient as

[jljz
j
3] [1 Rik 11-

mI mZ m3

-jl+jZ+j3 jJ-jZ+j3 j1+jZ-j3
jI-mI jZ-mZ j3-m3
jI+m1 jZ+mZ j3+m3

= o + + O .ilk
3[Rik!/O+l)] l/Z (,1) a(JXlr)

mI ffiZ m3, 1,

.~ (-l)Sls!(Rzp'S)! (R3q-s)! (R1r-s)!

(S+R3r'RZp)! (S+RZr-R3q)! I -J (1)

for al1 permutations of (pqr) = (lZ3), with

o(pqr)
(

R3q - RZq' for even (lZ3)

J+R3p , RZq' for odd (lZ3)
(2)
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and J il+i2+i3, The factor -21[2-(1 - (-1/) o O 0m O o 01
mI' 2' ffi3' ,where ó is the Kronecker delta function, t~kes care of the parity 3-jm,n

eocffieient am! thc factor (1 - o o 1) expliei tly represents thex,y n,
faet that the exact binomial expansion far TI = 1 yields the zeros of the
3-j coefficient, which can be shm,~9)to be polynomial zeras of degree
anc. The valucs of x and y are given by

and y = R Rmp kr (3)

when the number of terms is givcn by n = min(R2p,R3q,Rlr) = Rtq(say) and
(£mk) and (pqr) eorrespond to speeifie eyelie permutations of (123),

The 6-j coefficient can be rearranged(9), using thc coocept of
generalized powers(12) and following a proeedure similar to but differ-
en! from that of 53tO(10), into a formal binomial expansiono We have
shown(9) that the binomial cxpansion is exact far TI = 1, when 0+1 reprc-
sents the numbcr o£ terms in the series expansion, and therefore, we re-
define the 6-j coefficient as

{a b e}
de f

( 4)

where the range of p is restricted to non-negative integral values of
the factorials

with

a2 e + d + e

81 a + b + e + d

82 a + d + e + f
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a+c+f

b + d + f

b+c+e+f

n = 60 - 00

and

N 6(abe) - Medo) -6(acf) .6(bdf)

6(xyz) = ((x+y-z)! ky+z)! (-x+y+z)! /(x+y+z+1J1]1/2 (5)

The X and Y which appear in the multiplicative factor in (4)
are gi ven by:

(6)

wherc Ss and B
t
correspond to two of the three BIs other than 60 and Qk,

al' aro correspond to three of the .four als other than aO. The (1 - 0X,Y'
6 1) factor explieitly reprcsents the faet that the exact binomial ex-n.
pansiDo reveals additional structure zeros, which are the polynomial ze-
ros oí degree ane oí the 6-j coefficient.

3. CLASSIFlCATION OF THE POLYNQ/.UALZEROS

al The 3-j coe66~ent

Polynomial zeras oí the 3-j cocfficient were listed, for
J(=jl+j2+~) ~ 27 by Varshalovich ~ al. (4). This list has been reduccd
by Bowic~'With the help of the Regge symmetries(8,11) for the 3-j coef-
ficient. The number of tcrms in the polynomial part oí the 3-j coeffi-
cient i5 governed by: n = min(R2p' R3q' R1r) and wc use this simple pre-
scription to separate the polynomial zeros listed by Bowick(7) into those
which correspond to degree 1, 2 and 3. In Table I we enl~rate the pol-
ynomial zeros of degree l,and in Table II we list the polynomial zeros
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of degree 2 and 4. From these tables, h'econclude that for J ::. 27,
there are 36 polynomial zeros(13), and of these 21 are pol}nomial zeras
of degree 1, revealed by the exact binomial expansion for this coeffi-
cient, represented by the multiplicative factor (1).

61 The 6-j coe66ic<ent

{
. . . rOOzekanani and Biedenharn(3) calculated the 6-j coefficient
JIJ2J3 . .£ £ £ for arguments Ji' £i ~ 18.5 for 1=1, Z, 3 and found its polr
1 2 3 nomial leros. Using thc symmetries oí the 6-j coefficient

they ordered the arguments jI' jz' j3' £1' £Z' £3 in a sl'eedometric fas!!
ion with jI the slowest varying and ~.3the mas! rapidly changing variable.
The vanishin,£ values of the 6-j coefficient were calculated by a compu!:.
er program which resorted to the use oí numbers decomposcd ioto powers
of prime factors.

• We have used a simple program, which check, for the multiplica-
tive factor in (2) given by (1 - 6X,Y' 6n,l) being equal to zero, to find
a11 the polynomial zeros oí degree ene far ji' £i ~ 18.5 far i=l, 2, 3.
These polynomial zeros oí degree 1 are tabulated in TabIe ITI. Ke natice
that 1174 out of 1420 polynomial zeras belong to this trivial category,
revea]ed by the exact binomial expansion fOT the 6- j coefficient. lIaving
separated the majority oí the zeTas, we then sorted out the remainin~ ft~
hundrcds oí thc polynomial zeros according to their degree given by
n = 80 - aO' These are listed in Tables IV and V.

In Table VI we list the polynomial zeras of the 6-j coefficient
which have been explained according to either: (i) triangle rule violati.
on for quasi-spin, (ii) vanishing of fractional parentagc coefficients
in the atomic g-shell, or (iii) realizations pf exceptional Lie algebras
G2, F4 and E6. In the last coltmm of this table, we give n h'hich cor-
responds to the degree oí the polynomial zero. Here we note that of the
12 generic entries (which lcad to 27 more from Rcggc symmetries). 11 are
fQlynomial zeros oí dcgree one and only one (which leads to five rrore
from Regge synmetries) is a polynomial zero of degree two.

In conclusion. wc assert that the majority oí the polynomial ze
ros - viz. 21 out of 36 in the case of the 3-j coefficient and 1174 out
of 14~0 in the case of the 6-j coefficient - given in Table I (3-j) and
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Table [[1 (6-j) are trivial zeros (Note: hitherto, these were listed as
'non-trivial' zeTas] which can be explained by simple multiplicative f.a£
tor5 given by (1) and (4). These trivial zeros arise due to the exact
binomial fonns into ....hich the 3-j and the 6-j coefficient can be casto
It is suggestcd that the multiplicative factors may be explicitly incluQ
ed in the definitions of the 3-j and the 6- j coefficients, as in (1) and
(4), since the binomial fonns [ol' these coefficicnts are not nonnal!y r~

ferred to in litc13turc.
As has been pointed out by Vanden Berghe U al. (6), one can con-

tinue tite program oí giving group theoretic explanations on the basis of
realizations oí exceptional Lie algebras - which are by thernselves fase!
nating - for rore polynomial zeros oí the 6 j coefficient. HowevcT,
since tile 3-j and the 6-j coefficients can be rearranged ioto generaliz-
ed hypergeometric ftulctions of tmit argument which are analytic, it may
bc worthwhilc to invcstigate thc vanishings of thesc coefficients 3S ze-
ros of analytic functions and derive, if possible, closed form formulas
by a gcncraIization of the Siewert - Bumiston method(16). In this art!.
de. we havc presenteJ closcJ fonn expressions for the polynomial zeras
of degree one the 3-j and the ?-j cocfficicnts, which are independcnt of
the numerical values of the arguments of the coefficients whose zeros
are sought.
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Table 1 Polynomial zeros of degree one of the

3- j Coefflcient el j2 J3)
ml m2 m3

jl j2 j3 ml m2 m3

3 3 2 2 - 2 o

5 4 2 3 - 2 - 1

6 S 3 S - 4 - 1

S S 4 4 - 3 - 1

6 6 3 S - S o

8 6 3 6 - 4 - 2

9 8 2 S - 4 - 1

8 6 S 6 - S - 1

9 7 4 8 - 6 - 2

8 6 6 S - S o

8 7 S 6 - 6 o

11 10 2 6 - S - 1

11 9 3 4 - 3 - 1

11 8 S 8 - 4 - 4

10 9 S 4 O - 4

12 9 S 11 - 8 - 3

11 9 6 9 - 8 - 1

11 9 6 6 - 1 - S

10 9 7 - 7 8 - 1

13 12 2 7 - 6 - 1

11 10 6 9 - 9 O
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TabIe II. Polynomial zeros of degree 2 and 4

of the 3j - coefficient

Polynomial zeros of degree 2.

j1 j2 j3 mI m2 m3

6 4 4 2 - 2 O

9 8 3 4 - 4 O

15/2 15/2 5 11/2 - 7/2 - 2

19/2 15/2 4 1/2 - 3/2 1

19/2 13/2 5 1/2 - 3/2 1

21/2 21/2 3 17/2 -17/2 O

11 8 5 8 - 6 - 2

8 8 8 6 - 5 - 1

9 9 7 5 O - 5

25/2 25/2 2 15/2 -15/2 O

25/2 21/2 4 9/2 - 9/2 O

25/2 11 7/2 3/2 O -3/2

23/2 7 13/2 15/2 - 5 -5/2

Pol ynomial zeros of degree 4.

jI j 2 j3 mI m2 m3

11 9 6 O 1 -1

9 8 8 - 5 4 1
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TableIII. folynomial zeros of degree one of the 6-j coefficient

J•. " J. 11 l. 1, J1 j. J, 11 1. 1,
••0 '.5 J.5 2.5 J.O 6.02.0 2.0 2.0 1.5 1.5 1.5 .., 6 .•5 J.S J.O '.5 '.5J.O 2.0 2.0 1.O 2.0 2.0 ••0 7.0 2.0 '.0 7.' 7.0J.5 J.O 1.5 1•O l • .5 J.O '.0 7.0 ••0 '.0 05.-.) ••0J.5 J.S J.O 2.5 1.5 J.O 3.0 1.0 7.0 5.5 ".5 '.5'.0 J.O 2.0 2.0 '.0 J.O ••0 7.0 7.0 '.0 7.0 2.0'.0 J.O J.O 2.0 J.O c:.o '.0 7.5 1.5 .., 4.5 7.5'.0 J.S 2.5 2.0 2.3 ~.5 ••0 7.5 '.5 '.0 103 7.55.0 '.0 1.0 J.' .., '.0 ••0 7.5 '.5 5.5 '" '.05.0 '.0 '.0 J.O '.0 ~.o ••0 ••0 '.0 5.5 1.•5 7.55.0 '.5 1.5 2.0 2.5 4.5 '.0 ••0 7.0 '.0 .., 7.35.0 '.5 2.5 2.0 1.5 '.5 d.S 7.0 '.5 1.0 4.5 7.05.' '.5 '.5 J.S J.O J.O ••5 7.0 6.5 '.0 b.:> '.05.0 5.0 2.0 2.0 2.0 '.0 ••5 S.O 2.5 1.0 2.5 3.'5.0 5.0 J.O J.O J.O J.O S.S ••0 5.5 '.0 5.5 5.05.0 5.0 '.0 J.5 1.5 4.5 a.5 S.O '.5 '.5 J.' 7.55.5 '.0 3.5 1•O .1., '.0 ••5 ••5 5.0 3.5 Z.5 8.06.0 ••0 J.O 1.5 J.S 3.5 9.0 6.0 '.0 2.0 5.0 :hO6.0 '.5 2.5 z.~ '.0 '.0 9.0 '.5 5.5 2.3 6.5 6.56.0 5.0 2.0 '.0 5.0 5.0 9.0 6.5 6.5 2.0 e • .5 5.56.0 5.0 J.o 1.0 J.O 5.0 ••0 '.5 6.5 '.5 6.' '.06.0 5.0 J.O z.~ J.S 3.5 9.0 7.0 6.0 2.0 6.J 6.06.0 5.0 5.0 '.0 5.0 2.0 9.0 7.5 2.5 3.0 '.S 6.56.0 6.0 ••0 2.S 2.5 5.5 9.0 7.5 2.5 5.0 0.5 6.56.0 6.0 ••0 5.0 '.0 3.0 9.0 7.5 3.5 '.0 b.5 7.56.5 5.0 2.5 1.5 3.0 ••5 9.0 7.5 5.5 ••5 5.0 5.06.5 5.0 2.5 J.S S.J '.5 9.0 7.5 '.5 '.0 J.S 7.56.5 5.1> '.5 2.0 '.5 '.0 9.0 ••0 2.0 1.5 2.S 7.5'.5 5.0 '.5 J.S 5.0 2.5 9.0 ••0 2.0 5.5 b.S 7.56.5 ••0 1.5 J.o :3.5 '.0 9.0 ••0 2.0 7.0 ••0 ••0'.5 '.0 J.S J.O 1.3 ••0 9.0 ••0 J.O 3.0 '.0 ••06.5 ••0 J.S 3.0 2.5 5.0 9.0 ••0 J.O '.0 5.0 0.0'.5 '.0 J.S J.S ••0 J.S 9.0 ••3 5.3 3.0 J.O ••06.5 '.0 5.5 .l •.:) 5.0 J.S 9.0 '.0 '.0 5.0 J.O 7.0'.5 '.0 5.5 '.5 3.0 ••S ••0 ••0 6.0 5.0 '.J ••06.5 6.5 5.0 '.5 1.5 ••0 9.0 ••0 '.0 t..o 7.0 3.06.5 '.5 5.0 '.5 3.5 '.0 9.0 ••0 ••0 1.5 7.5 7.5'.5 6.5 5.0 5.0 5.0 2.5 9.0 ••0 ••0 5.5 7.S J.S7.0 '.5 '.5 ~.5 '.0 '.0 9.0 ••0 8.0 7.0 ••0 2.07.0 5.5 5.5 '.0 ••S J.S 9.0 ••5 '.5 '.0 2.5 7.51.0 '.0 2.0 2.5 .l.; 5.5 9.0 ••5 ••5 7.0 5.5 '.57.0 6.0 2.0 5.0 '.3 '.0 9.0 9.0 ••0 '.0 J.O 7.31.0 6.0 5.0 '.0 ••0 '.0 '.0 '.0 '.0 5.0 5.0 5.07.0 6.0 6.0 2.5 S.S '.5 9.0 9.0 5.0 5.0 .., '.07.0 6.0 6.0 5.0 '.0 2.0 9.0 9.0 5.0 6.0 6.0 '.07.0 6.5 2.5 2.5 3.0 5.0 9.0 9.0 ••0 6.0 3.0 S.O7.0 6.5 '.5 '.5 5.0 J.O 9.0 9.0 ••0 7.0 5.0 5.07.0 6.5 5.' 2.5 5.0 5.0 '.5 '.5 5.0 2.5 b.~ 6.07.5 '.0 5.5 J.O 5.3 '.0 9.5 '.5 '.0 2.5 6.5 5.07.5 '.5 J.O 2.0 '.0 ú.5 9.5 1.0 J.5 2.0 4.5 '.07.5 '.5 '.0 2.0 J.O 6.5 9.5 7.0 J.5 '.5 7.3 S.S7.5 '.5 5.0 3.0 5.0 '.5 9.5 7.0 5.5 2.5 '.0 5.57.5 7.0 J.5 2.0 3.S ••0 9.5 7.0 5.5 '.5 7.;) _1.57.5 7.5 7.0 5.0 J.O 0.5 '.5 7•• '.0 '.5 J.S 7.0••0 5.5 5.5 J.S 5.0 '.0 9.5 ••0 '.5 J.5 3.0 1.5••0 '.0 3.0 J.O 5.0 5.0 9.5 ••0 '.5 '.5 '.0 '.5'.0 6.0 3.0 '.0 '.0 5.0 9.5 ••0 7•• '.0 7.5 ••0••0 6.0 ••0 1.0 5.0 '.0 9.' •• 0 7.5 '.0 .:!.5 7.0••0 '.0 ••0 J.S '.5 '.5 9.5 ••5 '.0 J.S J., 7.0••0 6.0 '.0 '.0 '.0 J.O 9.5 ••• 5.0 ~.!i 4.5 ••0
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Ji J, j. J, l. l. J1 J. J.• 11 l, l",
'.5 ••5 '.0 6.5 '.5 6.0 11.0 ••0 5.0 1.5 5.5 7.5
'.5 '.0 1.5 5.0 S., 9.0 11. O ••0 5.0 J.O '.0 '.09.5 9.0 5.5 5.0 1.5 (J .0 11 .• O '.0 6.0 '.0 '.J ••09.5 9.0 6.5 2.S 5.0 d.S 11. O ••0 6.0 5.0 ••0 '.09.5 9.0 7.S Ó.S 3.0 7.5 11.0 '.S ••5 3.0 '.5 7.59.5 9.0 7.S 6.5 5.0 5.S 11 .•Q ••S ••5 ••5 0.0 '.09.5 9.0 7.5 7.5 '.0 2.5 1 1.0 '.0 3.0 2.0 ." ••09.5 9.5 ó.ll 5.5 2.5 ••0 11. O 9.0 3.0 3.S 5.5 7.59.5 9.S á.O 5.0 '.0 5.S 1l.O 9.0 5.0 '.0 5.0 7.0
9.S '.5 ••0 7.0 7.0 3.S ~l.O 9.0 S.O 5.0 7.0 S.O
9.5 9.5 7.0 6.5 1.5 '.0 11.0 9.0 ••0 1.0 6.0 9.0
9.5 9.5 9.0 :J.O 7.0 J.S 11.0 9.3 ••0 5.0 6.0 ••0
10.0 ••0 5.0 J.O 6.0 6.0 11.0 9.0 ••0 6.0 ••0 '.0
10.0 '.0 ••0 3.0 <.0 5.0 11.0 9.0 ••0 '.0 ••0 6.0
10.0 ••5 S.S J.O 5.5 '.S 1 l. O 9.5 3.S 3.S 3.0 7.0
10.0 7.S 3.5 3.5 ••J ••0 11.0 9.S 5.S '.S 3.0 9.0
10.0 7.5 7.3 5.5 7.J '.0 11.0 9.S S.S 6.0 7.5 ••S
10.0 ••0 3.0 "'.5 6.S '.S 11.0 9.S 7.5 '.0 7.5 <.S
10. O ••0 '.0 J.5 S.S S.5 11.0 9.S 7.S S.S ••0 S.O
10.0 ••0 7.0 3.0 7.0 6.0 11 .0 9.S 7.S 7.' 9.0 3.0
10.0 ••0 '.0 ••0 ••0 5.0 11.0 9.S 9.5 7.5 ••0 ••0
10.0 ••5 '.S 2.0 3 • .5 ••• 11.0 10.0 2.0 '.0 '.0 9.0
10.0 ••5 5.S 2.0 '.5 '.S • l. O 1 J.O 2.0 5.0 S.O 9.0
10.0 ••S 7.S 6.0 5.5 5.5 11. O 10.0 2.0 9.0 10.0 1,,).0
10.0 9.0 2.0 ••0 9.0 " .,) 11.0 1Q.O 7.0 5.5 7.5 5.S
10.0 9.0 '.0 1.0 '.0 9.0 11 .• O 10.0 7.0 ••0 '.0 '.0
10.0 ?O ••0 '.5 5.S S.S 11.0 10.0 9.0 5.S ••5 S.5
10.0 9.0 S.O 2.0 '5.0 '.0 11.O 10.0 9.0 7.S '.S 7.5
10.0 9.0 ••0 S.S ~.5 S.S 11.0 10.0 10.0 '.0 9.0 7.0
10.0 9.0 9.0 1.5 7.S J.S 11. O 10.0 10.0 S.O 9.0 ••0
10.0 9.0 9.0 '.0 9.0 2.0 I 1. O 10.0 1 O ••" 9.0 10.0 2.0
10.0 10.0 ••0 '.0 '.0 9.0 1 1 ••O 10.5 I.S ••0 6.5 10.5
10.J 10.lJ 10. O O.S ••S '.5 11 .• O 10.5 2.5 2.0 3.S 1:».5
10.5 ••S 6.0 1.S 6.S ••0 11. O 10.5 3.S 2.0 2.' 10.5
10.5 ••0 "'.'3 '.5 ••0 7.S 11.0 10.5 '.5 '.5 '.0 '.0
10.5 ••0 ••5 1.0 ••5 a.o 1 1 ••O 10.5 ••S 6.0 1.5 10.5
10.5 ••0 7.5 ••S ••0 '.5 11. O 10.5 ••5 6.0 '.5 7.5
10.5 ••5 ••0 2.5 5.5 ••0 11.0 10.5 6.' 6.5 6.0 '.0
10.5 ••• '.0 3.5 6.5 '.0 11. O 10.5 ••5 7.S 3.0 9.0
10.5 ••5 5.0 3.0 7.0 ••5 11. O 10.5 ••5 ••0 7.S 4.510.5 '.5 7.0 3.0 5.0 ••5 11.O 1 1 • O 3.0 3.0 2.0 10.010.5 9.0 '.5 2.S S.O 7.S 11.0 11 .0 3.0 <.0 '.0 '.010.5 ••0 ••S 2.5 '.0 7.5 11. O 1 1.0 ••0 '.5 2.,j 10.510.5 9.0 8.5 '.S '.0 6.5 1l.O 11 •O ••0 7.S 1.S 10.510.5 9.0 ••S ••0 ••5 '.0 11.0 11 .0 ••0 7.5 5.5 6.S10.5 ••5 3.0 '.0 ••0 :,).5 11.O 11.0 ••0 ••0 7.0 5.010.5 9.5 5.0 3.5 5.5 7.0 11.0 11.0 ••0 ••0 9.0 '.010.5 9.5 6.0 3.0 á.O 7.5 11.O 11.0 9.0 3.0 '.0 '.010.5 9.S 6.0 '.0 3.0 ••5 11.5 7.5 5.0 2.0 5.0 7.51(J.S 9.5 6.0 '.S 6.5 6.0 11.S ••0 5.5 '.0 7.5 5.010.5 9.5 ••0 J.5 7.S 7.0 11.5 ••5 6.0 '.0 5.0 7.510.5 9.5 ••0 '.5 '.5 ••0 11.5 8.5 7.0 2.0 ••0 9.510.5 10.5 ••0 7.0 3.0 ••5 11.5 ••S ••0 2.0 7.0 ••511.0 6.0 6.0 2.0 6.0 6.0 11.5 9.0 7.5 2.0 7.5 '.011.0 7.0 7.0 '.0 ••0 6.0 11.5 9.0 7.5 ••0 7.S '.011.;) 7.5 ••5 5.0 7.S 7.5 11.5 9.5 7.0 S.S ".s 0.011.0 7.5 7.5 5.0 7.5 '.5 11.5 9.5 7.0 ••0 7.0 S.S11.O ••0 '.0 3.0 5.0 ••0 11.5 9.5 7.0 7.0 ••0 J.511.0 ••0 ••0 '.0 6.' ••0 11.5 10.0 2.S .., 6.0 ••511.0 ••0 '.0 5.0 ••0 6.0 11.5 10.0 2.5 ••• ..0 ••5
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J1 J2 J.• 11 Q, I~ j. j~ j3 l. 1, IJ
13 • .1 10.5 10.5 8.0 7.5 6.5 14.0 9.0 8.0 4.5 7.5 7.5
13.0 10.5 10.5 '.5 10.0 4.0 14. O 10.0 5.0 3.5 '.5 9.313.0 l' .0 3.iJ -1. O 11.0 9.0 14.0 10.0 5.0 6.0 ¡l'. O 7.013.0 11 .0 4.0 ).0 4.0 la .0 .4. o 10. o 7.0 0.0 10.0 5.013.0 11.0 4.0 4.0 0.0 '.0 ll.0 10.0 10.0 7.0 9.0 6.013.0 11 .0 5.0 5.0 9.0 11.0 1".o 10.5 4 .5 4.5 '.0 3.013.0 11. o 9.0 5.0 5.0 11 • o t 4. a 10.5 4.5 6.5 '.0 11) • .1
13.0 11.0 9.0 7.5 3.5 10.5 14.0 10.5 5.5 3.5 ••••0 9.013.0 11. o 9.0 7.5 7.5 '.5 14.0 10.5 8.5 2.0 '.5 10.513.0 11.0 9.0 d.O 9.0 5.0 14.0 10.5 9.5 2.0 '.5 10.513.0 11 • o 9.0 9.0 I I •o 3.0 14.0 10.5 9.5 7.5 10.0 5.013.0 11.0 10 • .1 6.0 10.0 6.0 14.0 11.0 4.0 8.0 11.0 8.013.0 1 I • o 1;) .'J d.O 7.0 7.0 14.0 I 1 • a 5.0 4.5 7.5 7.513.0 ll.S 4.5 4.0 7.'5 Jl.5 14.0 11.0 6.0 2.5 7.5 10.S13.0 11.5 7.5 '.0 4.5 11.5 14.0 11 .0 0.0 4.5 '.5 10.513.0 11.5 9.5 3.5 7.0 11.0 14. o tI.a •• 0 0.0 '.0 0.013.0 12.0 2.0 J.O 4.0 11.0 14.0 11 .0 8.0 0.0 5.0 1:).013.0 12.0 2.0 3.0 '.0 11.0 14. o 11.0 8.0 0.0 e.o 9.013.0 12.0 2.0 11 • o 12.0 12.0 14.0 1 1 .0 8.0 d.O J 1. o 4.013.0 12.0 5.0 4.5 J.S 10.5 14.0 11. o 9.0 2.0 '.0 1,:) • .113.0 12. o 5.0 5.0 5.0 9.0 14.0 11 .5 6.5 l.5 7.0 10.013.0 12.0 5.0 6.5 7.S 6.5 1~. o 11.5 ó.5 5.0 4.5 11>.513. o 12.0 8.0 7.0 4.0 10.0 1~.o 11.5 8.5 7. o 7.5 7.513.0 12.0 8.0 d.O 0.0 6.0 14.0 11.5 11.5 2.5 11.o 10.013. o 12.0 9.0 2.S 7.5 11.5 1~.o u.s 11.5 9.3 11 • o ....:.13.0 12.0 12.0 3.0 '11.0 10.0 1-4.0 12.0 3.0 7.S '.5 ';.513. o 12.0 12.0 8.0 11.0 3.0 14.0 12.0 0.0 3.0 8.0 12.013.0 12.1,)al.O 1 1 • o 12.0 2.0 14.0 12.0 6.0 5.0 5.0 10.013.0 12.S 1 .5 4.5 5.0 12.0 14.0 12.0 7.0 6.0 0.0 9.013.0 12.S 2.5 3.0 J.S 10.5 14.0 12.0 8.0 3.0 6.0 12.013.0 12.5 5.5 7.5 '\.J 6.0 14.0 12.0 1 1.0 2.5 10.3 10.513.0 12.5 ••• •• 0 J.S 10.5 14.0 12.0 1 1 • o 4.S 10.5 0.513.0 12.5 3.5 l.S 3.0 11•o 14.0 12.,) 1 1.0 7.0 11 .0 0.0J3.o 12.5 6.5 3.5 6.0 10.0 14.o 12.0 11.0 '.0 5.0 JO .01.l.o 12.S 8.5 6.0 th 5 7.5 1-4.0 12.0 12.0 '.5 7.5 7.51.l.o 12.5 8.5 10.0 10.5 J., 1-4.0 12.5 2.5 ).5 5.0 1 I.013.0 12.5 1 1.5 J.O 10.5 1,).5 14.0 12:.5 2.5 0.0 7.5 10.513.0 12.5 12.5 11l.5 8.0 0.0 14.0 12.5 2.5 3.0 9.5 10.513.0 12.5 12:.5 H. o 10.5 ).5 14.o 12.5 2.' 10.5 12.0 11.01.l.O 13.0 6.0 6.0 4.0 10.0 14.0 12.5 5.5 2.0 •• 5 12.513. O 13.0 7.0 7.0 5.0 9.0 14. o 12.5 6.5 2.0 5.5 12.513.0 13.0 12.0 3.5 4.5 11.5 14.0 12.5 6.5 0.5 7.0 8.013.5 10.5 '.0 J.O 7.0 9.5 14.0 12.5 7.5 4.5 8.0 9.013.5 11.0 4.5 0.0 9.5 10.0 1-4.0 12.5 7.5 6.5 J.O 12.013.5 1 1.0 5.5 ).0 6.5 9.0 14.0 12.5 7.5 6.5 5.0 10.013.5 11 • o 7.5 1•o 7.5 11.0 14.0 12.5 7.5 7.5 3.0 7.013.5 11 .0 '.5 4.0 9.5 d.O 14.0 12.5 7 •• 9.0 10.5 4.513.5 11.0 9.5 7.0 10.5 5.0 14.0 12.S 10.5 4.5 10.0 0.013.5 12.0 1 t .5 0.0 11.5 <.0 14.0 12.5 11.5 7.5 5.0 12.013.5 12.5 J.O 8.0 8.0 12.5 14.0 12.5 11.5 9.5 6.0 9.013.:5 12.5 8.0 6.0 ).0 1~.5 14.0 13.0 2.0 12.0 13.0 13.013.5 13.0 2.5 3.0 4.5 13.0 14.0 13.0 3.0 3.5 4.5 10.513.5 1.1.0 4.5 3.0 2.5 lJ.O 14.0 13.0 4.0 3.0 •• 0 1.J.O13.5 13.0 6.5 6.0 7.5 8.0 14. o 13.0 4.0 3.S 2•• 12.513.5 13.0 7.' 7.0 8.5 7.0 14.1,)13.0 6.0 2.0 0.0 12.013.5 13.0 1 1.5 7.0 10.5 7.0 14.0 13.0 6.0 3.0 4.0 1J.O13.5 13.5 7.0 5.5 2.:5 13.0 14.0 13.0 0.0 8.0 9.0 6.01.l.5 13.5 1 1.0 9.0 J.O 12.5 14.() 13.0 7.0 J.O 7.0 11 .014.0 8.0 8.0 3.5 7.5 7.5 14.0 13.0 7.0 9.0 10.0 s.o14.0 8.5 8.5 4.' 8.0 7.0 14.0 13.0 11.0 9.5 4.5 10.5
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Table III(continued)

J, J •. J., h t, £., J, j, i, i, t, 2.,
J 4. O 13.0 1J.O 11.0 10.0 5.0 15.0 11 .• O 7.0 5.0 hO 8.014. O 13.0 13.0 12.3 13.0 2.0 15. O I 1 .0 9.0 3.0 I t ••O 1ha14. o 13.5 1.5 2.5 3.0 1.3.0 1 5.:J 11.0 1 1 .0 3.0 t 1.0 9.014.0 lJ.~ 1.5 5.5 6.0 lJ.O 15.0 1 1 .0 11.0 8.0 1 J.O ••014. o 13.5 1.5 8.0 8.5 13.5 15 .•o 11.5 5.5 '.5 ,.0 10.014.0 13.5 J.S J.S 3.0 12.0 15.0 11.5 7.5 5.':i 7.0 '} .1>14.0 13.5 6.5 ••0 2.5 12.5 15.0 11 .•5 7.5 7.5 11.0 5.014.0 13.5 8.5 2.5 7.0 13.0 15. o I 1.5 1 1 ••5 d.5 9.0 7.014.0 13.5 ••5 5.5 '.0 13.0 1'5.0 12.0 '.0 2.0 '.0 12.014. o 13.5 e.s ."'.•o 1.5 1:l.5 15. o 12.0 '.0 '.5 7.5 9.514.0 13.5 10.5 9.5 J.O 12.0 15.0 12.0 '.0 5.5 7.5 11.51". o 13.5 10.5 9.5 7.0 8.0 15.0 12.0 •• 0 ••0 9.0 9.014.0 13.5 10.5 11l.5 10.0 5.0 15.0 1,.2.0 '.0 9.0 11 .•o 12.0.4. o 14.0 2.0 2.5 2.5 1<:'.5 15.0 12.0 7.0 5.0 11.0 12.014.0 14.0 '.0 ••0 t'-.o 9.0 15.0 12.0 7.0 ••0 ••0 8.014. o 14.0 5.0 5.0 3.0 12.0 15.0 12.0 10.0 3.0 l(l.O 10.0.4.0 1".0 5.0 7.5 7.5 7.5 15.0 12.0 10.0 7.5 11 .•5 5.514.0 14.0 ••0 7.5 2.5 102.5 15.0 12.0 I 1 .0 5.0 7.0 12.014.0 14.0 9.0 9.0 7.o 8.0 15. o 12.0 I 1.0 ••5 I 1 .5 ••514.';) 14.0 10.0 7.0 ••0 lJ.O 15.0 12.0 11 .0 0.9 '.0 12.014.0 14.0 10.0 '.5 1.5 l.J.5 15.0 12.5 3.5 7.0 9.5 ••514.0 14.0 12.0 7.5 5.5 12.5 15. o 12.5 '.5 3.0 6.5 11 .51". o 14.0 14.0 12.0 9.0 ••0 1s.\) 12.5 '.5 '.5 7.0 9.014.5 10.5 ••0 '.' '.5 9.0 15. o 12.5 ••5 '.5 ••0 9.014.5 11 •o 5.5 5.3 10.0 9.5 15.0 12.5 ••5 7.5 10.0 6.01 ".5 11 • 5 7.0 4.5 '.5 8.0 15. o 12.5 7.' 2.0 '.5 12.514.5 12.0 5.5 3.5 ••0 11.5 15.0 12.5 ••5 2.0 7.5 12.514.5 12.0 S., 7.0 11.5 l::!.O 15.0 12.5 10.5 '.5 5.0 11.014.5 12.0 10.5 5.0 loJ.5 ti.;) 15.0 12.5 10.5 9.5 '.0 '.014.5 12:.0 11.5 3.5 '.0 11.5 15.0 12.5 12.5 10.S 12.!) '.01"'.5 12.0 1 1 .5 7.0 5.5 1.2.0 15.0 13.\) 3.0 10.5 12.5 10.514.5 12.5 ',0 1.5 ".5 12.0 15.0 13.0 '.0 '.0 7.0 12.014.5 12.5 '.0 5.0 ••0 11.5 15.0 13.0 5.0 3.0 ••0 11 .01"'.5 12.5 '.0 8.5 11.5 12.0 15.0 13.0 5.0 '.0 '.0 12.J1"'.5 12.5 7.0 1.o 7.0 12.5 15. a 1J. a 5.0 ••0 3.0 8.014.5 12.5 7.0 3.5 ••5 ••0 15.a 1J.O ••0 2.0 '.0 12.01 "'.5 12.5 10. a 5.0 10.0 8.5 15.0 13.0 9.0 ••0 ••0 ••01"'.5 12.5 11 .0 '.5 7.5 12.0 15.0 13.0 12.0 ó.5 ••5 12.514.5 13.0 '.5 5.0 8.5 13.0 15.0 13.11 12.0 ••0 12.0 ••014.5 13.0 ••5 J.S 7.0 10.S 15.0 13.5 2.5 10.1) 11.5 11.514.5 1 J.O ••5 '.0 '.5 13.0 lS.J 13.5 5.5 5.5 6.0 10.014. '5 13.0 10.5 3.5 10.0 10.5 15.0 13.5 7.5 ••5 4.0 12.014.5 1 J.O 12.5 1.5 12.0 Il.5 15.0 13.5 9.5 '.5 10.0 6.014.5 13.0 12.5 5.0 11.5 9.0 15. o 13.5 13.5 11 • o '.5 7.514.5 13.0 12.'5 ••0 7.5 12:.0 15.0 14.;) 2.0 5.5 ••5 12.514.5 13.0 12.5 ••5 12.0 5.5 15. o 1".0 2.0 7.5 '.5 1~.514.5 13.0 12.5 1,].0 12.!i '.0 15.0 14.0 2.0 13.0 14.0 14.014. :5 14.0 5.5 5.0 '.5 10.0 15.0 14.0 3.0 7.0 9.0 14.01"'.5 14.0 '.5 '.5 '.0 10.5 1 S.O 14.0 5.0 1.0 5.0 14.014.5 14.0 '.5 ••0 10.5 ••0 1s.o 14.0 5.0 '.0 '.0 11 .014.5 14.0 1 1 .5 5.0 10.5 10.0 15.0 14.0 5.0 7.0 ••0 ••0
l 4. os 14.5 13.0 ••5 '.5 1J.0 15.0 14.0 ••0 7.5 9.5 7.514.5 '4.S 14.0 ••0 7.0 ll.S 15.0 14.0 ••0 5.0 ••0 I J .015.0 9.5 8.5 I•S 9.0 ••0 15.0 14.0 9.0 ••5 9.5 •••15.0 ••• 9.S 5.' ••0 ••0 15. o 14.0 ••0 7.0 3.0 14.015.0 •0.0 '.0 3.0 '3.0 0.0 15.0 14.0 '.0 '.0 ••0 12.015. O 10.0 ••0 5.0 9.0 9.0 15.0 (4.0 9.0 11.0 12.0 ••015.0 10.S S •• ó.\) ••5 ••5 15.0 14.0 13.0 10.15 3.5 13.515. o 10.5 6.5 3.5 ••0 10.0 15.0 14.0 13.0 11. o '.0 •• 015.0 10.5 8.5 5.5 6.0 1,].0 15.0 14.0 14.0 5.3 1,z.5 9.5
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J, J. J" Ll l. A" J, J. J. Pi 1,. 13
• 5.0 .4.0 1" .0 1.' 12.5 1.' 1~S.5 .".5 12'.0 10.5 ••• 12.015.0 '4.0 14.0 1,3.0 14. J 2.0 15.$ 15.0 l.' '.0 .., 15.1)15.0 .4.5 ••5 ••5 5.0 11.0 15.5 .5.0 J.' 1.0 1.5 15.015. O 14.5 .., .., 1.0 '.0 15. '5 15.0 J., '.0 ••• ti •O15.0 '4.5 10.$ ••• '.0 10.0 15.5 15.0 7.' '.0 1.5 •.l.O15.0 14.5 12.5 11.5 IC.O u.O 15.5 15.0 1.' 5.5 ••0 10.515.1) 15.0 10.0 ••0 5.0 14. O 1 S. 5 15.0 1.5 1.5 ••• •••15.0 15.0 t 2.0 la .0 3.0 14.0 1S.'5 .5.0 1.' la .5 11 • Q 5.515. '5 '.5 d.O 2.0 '.0 '.5 15.5 15.0 '.5 '.0 l •• 15.015.5 10.5 7.0 3.5 '.5 '.0 15.5 15.0 '.5 '.0 6.5 1:).015. '5 1l. o 5.5 J.O 7.5 '.0 15. '5 15.0 '.5 '.5 '.0 •••,5.5 11 .0 5.5 5.0 ••5 10.0 15.5 15.0 '.5 12.0 12.5 '.015. '5 11 .0 5.5 5.0 ••• '.0 15. '5 15. tJ 1 I • '5 '.0 11.'5 7.01$.5 11.0 5.5 ••• 11.0 1.5 15.5 15.0 11 lO") 10.5 3.0 13.515.5 I 1 .0 1.5 1.5 ••J 1'3.5 .5.5 15.0 1 1 .5 13.lJ 13.5 3.015.5 1l. o 7.5 J.5 '.0 ••5 15.5 15.0 12.5 '.0 ••5 14.015.5 11.0 7.5 ••5 1 t lO,) ,.. 15. '5 15.0 12.5 11 lO,) 5.5 11.015.5 1 l. '5 0.0 5.0 '.0 7.5 .5.5 '5.5 7.0 '.5 3.5 15.015.5 11 .5 1.0 '.5 '.5 1 1 • o 15.5 15.5 11 .0 10.5 1.5 15.015. :5 1 1 • S 10.0 '.0 11 'O,) ••• 15.5 15.5 1l.o 10.5 7•• '.015.5 12.0 '.5 3.5 ••0 11.5 15.5 15.5 1 1.0 11.0 '.0 7.515.5 12.0 6.' ••• ••0 10.5 15. S 15.5 15.0 10.0 Ó.O 13.515.5 12.0 ••5 '.0 l.' '.0 16.0 ?O '.0 2.5 '.5 '.515. '5 12.0 ••S '.S 10.0 ••• 16.0 10.0 7.0 .., '.0 9.015.5 12.0 '.5 l. o '.5 12.0 16.0 10.5 7.' '.0 '.5 8.515.5 12.0 10.5 ••0 5.5 11 .0 16.0 10.5 10.5 ••5 '.0 '.015.5 12.5 '.J '.5 ••5 12.0 16.0 11.0 7.0 2.0 ••• 10.015.5 12.5 5.0 J.5 5.5 11 .0 16.0 1 1.0 ••0 '.0 11.0 10.015.5 12.5 5.0 7.S 1I .5 11.0 16.0 1 1 • o 10.0 '.0 11.0 ••015.5 12.5 12.0 ~.5 ,.. 11.0 16.0 11.0 10.0 6.S ••• '.515.5 13.0 ••• '.0 1Z.5 12.0 16.•0 11.0 11.0 7.5 10.5 ..515.5 13.0 5.5 5.5 10.0 12 .•5 16.0 11.5 7.' '.0 1\.5 10.•515.5 13.0 7.5 ••0 .., 1::!.0 16.0 11.5 10.5 5.0 11.5 7.'15.5 13.0 1 1•S ••0 1 1 • '5 '.0 16.0 12.0 5.0 5.0 '.0 '.015.5 13.~ 3.0 '.0 •• <l 11.5 16.0 12 .•0 5.0 '.0 11.0 1 1.015.5 13.5 S.0 '.5 5.5 11.0 16.0 12.0 '.0 '.0 10.o '.01S. 5 lJ.S 5.0 7.0 1l.o 1.,,"5 16.0 12.0 '.0 ••• 11.0 7.015 .•5 1.).5 '.0 '.0 '.0 13.$ 16. o 12 .•0 12.0 '.0 11.,) ••015.•S 13.5 ••0 ••0 ?O 7.5 16.0 12.5 '.S '.5 12.0 lZ.•015.5 13.5 '.0 '.0 ••0 13.5 16.0 12.5 5.5 5.0 ••• '.515. '5 13.5 1 1.0 7.0 5.0 1:.s.5 16.0 12 .•5 ••• •• 0 10.5 7.515.5 13.5 13.0 10.5 7.5 '.0 16.0 12.5 11 .•5 '.0 11.5 9.515.5 1".0 2.5 5•• 5.5 12.0 16. O 13.0 '.0 4 ..:> ••5 11.515.5 14.0 2.5 12.5 14.0 12.•5 16.0 13.0 5.0 '.5 12.5 11.515.5 14.0 3.5 '.0 5.5 \ 1 • O 16.0 1;).0 '.0 l. o 9•• 1.3.015.•5 14.0 ••5 ••0 '.5 1 1 • o 16.0 13.0 '.0 5•• 10.0 '.015.5 14 .•0 ••5 7.5 J.O 13.5 16.0 13.0 '.0 7.0 11.o 7.015.5 14.0 ••5 ••0 7.' '.0 16.0 1.3.0 ••• l.' ••• ••515.5 14.0 ••S 10.5 12 .•0 '.5 16.0 13.0 11 .•0 '.0 11•O 10 .•015.5 14.0 10.5 5.0 10.5 '.0 16.0 13 .•0 13.0 10.0 ••0 '.015.•5 14.0 10.$ 7.S 11.0 1.5 16.0 13.5 12 .•5 10.0 ••5 ••515.5 14.0 10.5 '.0 5.5 11.0 16.0 13.5 13.5 11.5 13.0 '.015.5 14 .•0 12.'5 1.5 12.0 7.5 16.0 14.0 J.O '.0 11.O 11 .015.5 14.0 12.5 10.5 5.0 10 .•5 16.0 14.0 '.0 ••0 11.0 1J.O15.$ 14.0 12.5 10.5 ••0 .., 16 .•0 14 • o 5.0 '.5 1.5 10.515.5 14. o 12.5 11.0 J.S 13.0 16.0 14.0 13.0 '.0 1J. o ••015 .•5 14.0 12.5 11.0 10.5 ••0 16.0 14 .•5 3.' 10.0 12.5 14.515.5 .4.0 1.2.5 1¿.5 14.0 2.5 IlhO 14.$ '.5 5.0 '.5 14.515.5 1" .0 13.5 11.0 13.5 .., 16.0 14.5 7.' '.0 d.S ••515.5 1".5 10 .•1> 5.5 5.5 14.0 16. o 14.'5 ••• ••0 '.S 14.~
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Table .III(continued)

J, h J. J, t. .L. J• J. j. a, 1, t.
16.0 14.5 9.5 9.0 6.5 •• • 16.5 14.0 7.5 6.' 7.0 10.5
16.0 1 oQ. •• 5 12.5 10.0 J.S 14.5 16.5 14.0 9.' J.O '.' 14.0
16.0 15.0 2.0 14 •.o 15.0 15.0 16.5 14.0 9.S 6.0 1.5 10.0
16. o 15.0 '.0 '.0 7.0 15.0 16.5 14.0 t 1.5 10.0 1':).5 7.016.0 15.0 7.0 '.0 '.0 15.0 16.5 14.0 12..5 '.S 'l. o 13.516.0 15.0 15.0 12.5 9.' 7.' t6.5 14.0 12.5 7.0 l~.S ••016.0 15.0 15.0 14. o 1'5.0 2.0 16.5 '''.5 1 1 .0 10.0 1.).0 7.5H •• O 15.5 2.' '.0 5.5 15.5 16.5 14.5 12.0 10 ••o 1.0 10.516.0 15.5 ••• '.0 2.5 15.5 16.5 14.5 ) z.o 10.5 J.5 14.0
16.0 15.5 1 1 .5 5.0 7.5 14.5 16. '5 15.0 2.' z.o 3.5 14.0
16.0 .5.5 I 1.5 11 ••o 12.5 S.S 16. S 15.0 2.5 7.5 ••0 12.516.0 • 5.5 14.5 11. o 13.5 5•• 16.5 15.11 2.5 9.:; 11 ••o 12.516. o 15.5 15.5 lJ.5 12.0 5.0 11).5 15.0 '.5 6.0 7.5 11.)•.o
16.0 16.0 ••0 6.5 l.S 15.5 16.5 15.0 6.5 .., 6.S 15.0
16.0 16 ••0 6.0 9.5 3.5 ~.5 16.5 15.0 ••5 9.0 10.3 7.0
16.0 16.0 I 1 .13 ••0 ••• 15.0 16.5 .5.0 '.5 J.O '.5 1.J .0
16. o 16.0 14.0 10.5 '.5 14.5 16.5 15.0 6.5 7.5 5.0 1.:!.516.0 16.0 14.0 IZ.5 6.5 8.5 16.5 15.0 8.5 ••• 10.5 '.016.0 16.0 16.el 14.5 13.'5 3.3 16.5 15.0 8.5 11.0 12.5 S.,16.5 10.5 7.0 2.5 7.' 10.0 16.'5 15.0 1 1 .5 2.5 10.U 14.516.5 1 1.0 9.5 2.5 11. o 10.5 16.'5 15.0 1 1.5 10. O '.5 1).016. S 1 1 • o 10.5 2.S 11 •o ••S 16.5 15.0 1 1.5 10.0 7.5 10.016.5 11.5 9.0 5.0 11. el 7.5 16.5 15.0 11.5 11.5 12. o 3.516.5 11.'5 9.0 6.' 10.5 7.0 l6.~ 15.0 .4.5 ll.!J 1''-5 '.016.5 11 .5 10.0 ~.5 10.") 10.0 16.5 15.5 J.O J.5 ~.5 15.016.5 12.0,) 6.' 5.9 10.5 6.0 16.5 15.~ J.O '.5 6.' 15.016.5 12.0 6.' 5.5 10.0 7.5 16.5 15.5 '.0 g.o 10.0 15.516.3 l2.G 9.5 5.5 7.0 1-'.5 16.5 15.5 5.0 '.5 2.' 15.016.5 12.5 S.O J.O 7.0 lu.S 16.$ 15.5 '.0 5.5 J.S 14.016.5 12.5 '.0 5.0 '.0 Il.S 16.5 15.$ 6.0 05.5 7.5 11 .016.5 12.5 5.J '.0 12.0 '.5 16.5 15.$ ••• 7.5 '.5 12.016.5 12.5 5.0 9.0 12.0 11.5 16.5 15.5 8.0 '.0 7.0 la .516.5 12.5 ••0 J.S 3.:> 11 .0 16.5 15.5 8.0 9.0 9.0 •••16.5 12.5 6.0 6.' 11.0 10.5 16.5 15.5 8.0 1 1 • o 12.0 •••16.5 12.5 9.0 5.S 5.5 12.0 16. '5 15.' 10.0 J.' 7.' 15.016.5 12.5 9.0 6.5 7.5 10.0 16.5 15.5 10.0 ••• 6.5 15.016.$ 12.5 9.0 7.5 10.5 7.0 16.5 15.5 10.:) '.0 J.O 15.516.5 12.5 10.0 2.0 11.0 12.$ 16.5 15.5 1 1 .0 2.S 10.5 14.016.5 12.5 1 1 .0 2.0 10.0 1.2.5 16.5 15.5 11 .0 ••• 10.5 12.016.5 12.$ 11 .0 '.5 1I .5 9.0 16.$ 15.5 1 1 • o 7., 11.0 9.'16.5 13.0 '.S 9.0 12.5 9.0 16.5 15.5 1 1 .0 10.5 12.5 6.016.$ lJ.O 6.S J.5 a.o 10.5 16. '5 15.5 1l. o IJ.O 14.0 J.,16.5 1J. o 10.5 2.0 10.5 12.0 16.5 15.5 15.0 S•• IJ.5 11 .016.5 13.0 10.5 '.5 11. J 9.5 16.$ 15.5 15.0 1).0 '.0 Il.516.5 lJ.O 10.5 ••0 6.S 11.0 16.5 16.0 l.' 7.5 '.0 15.516. '5 lJ.O 10.5 8.0 7.5 10.0 16.$ 16.0 5.5 5.5 '.0 13.'16.5 13.0 10.5 '.0 12.'; 0.0 16.5 16.0 5.5 '.5 9.0 •••16. S 1'3.0 10.5 '.5 10.0 7.' 16.5 16.0 7.S 7.0 2.' 15.016.5 IJ.5 '.0 6.5 10.5 IJ.O 16.5 16.0 15.5 14. O J.S 14.016.5 1.3.5 6.0 5.0 7.0 10.5 16.5 16.5 '.0 '.5 J.S 14.016.5 13.5 10.0 8.0 S.O 12.5 16. '5 16.5 7.0 8.' 7.' 10.016.5 14.0 J.' 2.' '.0 12.5 16.5 16.5 9.0 8.' J•• 14.016.5 14.0 J.' '.0 6.5 11.0 16.5 16.5 10.0 11.5 10.5 7.016.5 14.0 J.S 8.5 11.0 la .5 16.5 16.5 13.0 7.5 '.S 15.016.5 14.0 J., 10.5 13.0 10 •.5 16.5 16.5 13.0 11. o 0.0 15.516.5 14.0 ••• 5.5 9.0 1<:!.5 16.5 16.5 1.3.0 13. ~ 12.5 5.016.5 14.0 ••• 7.5 11.0 ll.5 16.5 16.5 14.;) 12.5 5•• 12.1116.5 14.0 6.' '.0 10.5 7.0 16.5 16.5 14.0 12.5 7.5 10.,)16.5 14.0 7.' '.0 O•• I~.O 16.5 16.5 14.0 14.0 1J.O •••16.5 14.0 7.5 '.0 9.' ,).0 16.5 16.5 14.0 15. o 15.0 '.5
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J,. J~ J, e, £. e, J, j. j, e, 1, 1,
16.5 16.!t 1 s.o .., .., 14.5 17.0 15.0 1 I .0 11 .:J 12 • .., 6.0
16.5 16.5 15.1) 13.5 1,) ••5 7.0 17. o 10hO 14.0 10 ••o 1".0 6.0
17.0 10.0 '.0 5.0 10.0 la .0 17.0 15.0 14.0 11••5 '.. 10.517.0 10.0 1.:1 .0 5.0 11) ••oJ "\.0 1 7. o 15.5 "J .5 '.0 '.5 13.517.0 10.5 7.5 6.0 10.5 IJ.5 17.0 15.5 0.5 '.0 '.5 12.517.0 10.5 1;) .5 0.0 10.5 7.5 17••o 15.5 9.5 7.0 le .s 0.517. o 1 1.0 9.0 3.0 11 •.J 1\'.0 17.0 15.5 9.5 ••5 ,. o 13.011.0 1 1 ••o 9.0 5.0 9.' 9.' 17••o 15.5 9.5 12.0 I J.S '.517.0 1 1 ••o 9.0 5.5 10 ••5 7.5 17.0 15.5 13.5 ll.5 6.0 12.017.J 1 1 .0 10.0 3.0 11 ••o 9.0 17.0 16.0 2.0 '.5 5.5 14.5
11. o 11.5 3.' 5.5 10.0 '.0 17.0 16.0 2.0 10 •.S 1 I ••5 }4405
17.0 I 1 .5 9.5 3.0 10.5 0.5 17.0 16.0 2.0 15.0 ltl.O 1';'.017. o 1 I ••'3 11.5 '.5 10.;) ••0 17.lJ 16.0 '.0 '.0 '.0 1 .•• 0
17.0 12.0 6.0 '.0 ••0 11 ••o 17.0 16.0 7.0 7.0 '.0 12.017. o L 02.0 6.0 0.5 10.5 10.5 17. o 16.0 7.0 8.0 ••0 10.017.0 12.0 6.0 7.0 12.0 '.0 17 ••o 16.0 10.0 9.0 '.0 14.017.0 12.0 ••0 7.0 lZ.J -;.0 17.0 16.0 10.0 9.0 5.0 13.017. o 12.0 9.0 6.0 ••0 9.0 17.0 16.0 10.o 10.0 9.0 0.017.0 12.5 6.5 '.0 7.5 1:>.'5 11. o 1~.010.0 11 • J 1 1 • o 7.017. o 12.5 10.5 7.5 9.0 9.0 11.0 16. o 13.0 1.0 7.' 15.'"17.0 12.5 10.'3 '.5 12.0 6.0 17.0 16.0 1 J.O 11.5 ••• 1).517. o 12.5 1Z.5 ••0 10.3 7.5 17. o 16.0 1 J.O 11.5 ••• 9.517.0 1J.O 7.0 7.0 11.0 7.0 17.0 16.0 13.0 13.0 13.Q 5.01 1. o 13.Q 7.0 7.0 13.0 12.0 11. o 16.0 14. o 13.5 J 3.5 ••511. o I J.O 12.0 7.0 1::J.0 7.0 17.0 16.0 J 6.0 '.5 14.5 12.517.0 1J,. o 1J.O IJ.O 12.0 '.0 17.0 16.0 16.:> 10.S 14.5 6.517.0 1 3 •.3 '.5 '.0 ••5 10.5 17.0 16.0 1b.:) 15.0 lu.O 2.017.0 1 J.5 ••5 6.0 ':'.5 IZ.5 17.0 16.5 1.5 1).0 1;).5 16.511.0 13.5 '.5 '.0 10.5 I¿.S u.a 16.5 4.5 5.0 '.5 13.517.0 13.5 ".'3 ••0 11. '5 9.5 17.a 16.5 '.5 7.0 '.5 la.517. o 13.5 7.5 5.5 6.0 12.;) 17. o 16.5 6.5 10.J 10.5 7.517. o 1.3.5 7.5 '.5 9.0 0.0 11. o 16.5 ••5 '.0 '.5 13.517. o 14.0 '.0 10.0 13.0 10.0 17. o 16.5 10.5 10. o '.5 16.511.0 1".0 5.0 5.0 ••0 10.0 17.0 16.5 12.5 11.5 3.0 15.017. o 14.0 ••0 '.0 11 .11 14.') 17. o 16.5 16.'i u.o 10.5 7.511. o 14.0 1 1.0 '.0 ••3 14.0 17.0 17.0 J.O '.5 '.5 13.517.0 14.0 11 .0 9.0 9.0 ••0 17. o 17. () ••0 ••0 5.0 1] .017.0 14.0 1 z.o 5.0 12• .J 10.0 11.) 17.0 ••0 12.0 12.0 6.017.0 14. o 1 z.o 9.5 7.5 l/) • .3 17. () 17.0 9.0 '.0 6.0 12.017.0 14.5 6.5 6.0 1 1• '5 1~.5 17. o 17.0 12.0 11. '5 '.5 It.51-1.0 1" .•5 ••5 7.0 4.5 13.5 11.0 17.0 15.11 1].5 '.5 13.517. O 14. S ••5 7.0 5.5 12.'3 17.0 17. o 16.0 11• o 6.0 15.017.0 14. S ••5 ••5 10.0 6.0 17.5 13.0 10.5 J .1) 12."5 13.017. o 14.5 1 1 • S 6.0 6.5 14.5 17. :5 13. o 12.5 3.0 10.5 1J.:J17.1) 14.5 1 1 .5 9.5 ••0 10.0 17.5 13.5 ••0 2\ 'i 7.5 13.017.0 14.5 14 • .3 1I .5 9.0 7.0 17.5 1.3. '5 '.0 5.3 12.5 13.0.7.0 14.5 1,..5 12. o 12.5 5.5 17.5 1" .0 6.5 1.5 7.0 1:3.517.a 14.'5 1" .5 12.5 14.a ••0 17.5 14.0 6.5 '.3 ••5 I~.O17 .•o 15.0 3.0 '.0 5.3 15.0 17.5 14.0 6.5 '.0 12 .•5 13.011.0 15.0 J.O 5.0 6.0 1~.0 17.5 14. o 7.' '.5 11.0 lJ.S17. o 15.0 3.0 7.0 9.' 12.0 17 .•5 14.0 ••5 2.5 0.0 1¿.517.0 15.0 3.0 lZ.Q 14.0 12.0 17.5 1" .0 1 J .5 3.0 11.5 12.017. o 15 .•0 5.0 '.0 3.0 15.0 17.5 14.5 9.0 2.0 10.0 1~.517.0 15.0 6.0 '.0 3.0 15.0 11.5 14.5 10.0 2.0 9.0 1".517. o 15.0 6.0 5.0 .., 14 .:) 11.5 14.5 14.0 2.5 12.5 14.017 .•0 15 .•0 6.0 5.0 10.0 1~.1l 17.5 15.0 7.5 '.0 ••5 IZ.O17.0 1'5.0 6.0 '.0 7.0 11 .0 17.5 15.0 9.' 2.0 9.5 14.117 .•0 15.0 6.0 ••0 I"' • .J J.O 17.5 15.0 13.5 2.5 1 l.o 13.517.0 15.0 ••0 1.' 6.0 1~.O 17.5 15.0 13.5 5.5 1:$.0 10.511.0 15.0 10.o 5.0 6.0 l~.a 17.5 15.0 13.5 3.0 13.5 ••0
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Table. m(continued)

Jl J,. i, ei l. 1", J,. J, J, el '. l,
17.5 15.0 1 J .5 '.5 .4.0 6.5 18.0 16.0 5.0 0.0 1:l.0 1f;.• 017.5 15.5 0.0 ".5 "l. '3 lZ.0 HJ.O 16.0 7.0 '.0 <.0 16.017.5 15.5 10.0 5.5 10.S 11 • o l!hQ 16.0 9.0 J.O 1.0 16.017.5 15.5 13.0 5.5 12.5 11.0 18.0 16.0 9.0 8.5 11.5 ~.517.5 15.5 15.0 4.0 12.0 I~.S 16.0 16.0 1J.O 2.5 1 1 .5 15.517.5 16.0 4o.S 1.0 11).5 10;.0 1d. o 16.0 13.C 6.5 r.s 15.S17.5 16.0 10.5 1.0 4.5 16.0 1a.:> 16.0 13.0 9.0 ,., 16.017.5 16.0 12.5 1.5 6.0 15.5 18. o 16.0 15.0 5.0 1~.O 12.017.5 16.0 15.5 lJ.O 15.5 4.0 16.0 16.0 Is.D 6.0 14.0 11.017.5 16.5 5.0 2.' 6.0 16.5 16.0 16.0 15.0 1 1 • () 1:>.0 6.017.5 16.5 6.0 2.0 5.0 le.S 18.0 16.0 16.0 lJ. o 10.0 9.'17.5 16.5 9.3 1.0 10.0 10.5 16.,) 16.5 2.5 12. :5 1\.0 14.J17.5 16.5 1J.O '.0 ••0 15.5 la.o 16.5 '.5 1.o 9.5 15.517.5 16.5 t 4.0 1.5 1:J.5 16.0 18.0 16.5 5.5 2.5 6.0 15.017.5 16.5 14.0 '.0 13.0 1.J.5 1.3.0 16.5 5.5 4.5 7.0 lJ.O17.5 16.5 14.0 1.0 13.0 10.5 Id.O 16.5 5.5 a.o 0.5 9.S17.5 16.5 14.0 9., '.0 15.5 18. o 16.5 7.5 5.0 6.5 12.517.5 16.5 14.0 9.5 13.5 ::1.0 Id.O 16.5 12.5 2.5 IZ.O 15.017.5 16.5 14. ) 11 .1 I~.O 6.5 18.0 16.5 1::5.5 10.5 14.0 1.017.'; 17.0 5.5 2.0 3.S 16.0 18.0 16.5 (4.5 5.0 1:),5 12.517.5 17.0 11.5 6.0 11. '5 10.0 13.0 16.5 15.5 13.0 9.5 9.517. '5 17.5 1 1 • o 1.0 '.0 1ó. 5 18.0 17.0 2.0 16. o 17.0 17. Q17.5 17.5 15.0 11.5 <.5 IC.•• O 18.0 17.0 '.0 9.0 11. o 1 7.018. o 10.0 9.0 4.0 10.;) 10.0 18.0 17.0 4.0 5.0 '.0 17. o18.0 10.0 I,J.0 .., 11>.0 9.3 .18.0 17.0 a .0 J.O d.,) J."i.O18.0 10.5 0.5 '.0 4.5 9.5 18.0 17. o '.0 5.' 4.0 17.018.1> 11 •o 11. o 6.0 10.0 9.0 .18.0 17.0 8.0 6.0 0.0 IZ.O18.0 11 .5 10.5 6.0 >.5 9.5 1s. o 17. () 0.0 '.0 9.0 14. o18.0 12.0 7.0 J.5 9.5 9.S 18.0 17.0 1 1.0 9.0 J.O 17.018.0 12.0 7.' '.0 12.0 12.() 18.0 17.0 .1 1.0 '.0 .12.0 ~.O19.0 12.0 12.,) '.0 I¿. :) 1.' 18.0 17.0 14.0 6.0 13.0 12.018.0 12.5 12.5 8.5 11 •o ,~.o 18.0 17.0 15.0 9.0 14.:) 9.'18.0 13.5 5.5 5.5 10.0 10.0 18.0 17.0 1s.o IJ.5 15.5 4.5UI.O 13.5 6.5 7.5 IJ.O 11. o la.a 17.0 J 7.0 14.5 12.5 6.518.0 13.5 1.5 '.0 9.5 12.5 18.0 17.0 17.0 16. o 17.a 2.018.0 14.0 6.0 2.0 1.0 13.0 18.:) 17.5 la.s u.a 9.5 9.518.0 14.0 6.' 5.' '.5 9.5 18.0 17. '5 12.5 12.0 9.5 0.518.0 14.0 8.0 '.0 9.0 12.0 16.0 18.0 11 .0 6.0 6.0 11.018.0 14.0 1 1 .0 1.0 11.0 14.0 1a. o 18.0 12.0 9.0 4.0 17.0lB.o 14.0 11 .:J 8.!'i 9.5 9.5 13.0 18.0 14.0 12.0 '.0 17.018.0 14.0 11 .) 6.5 1 ).5 6.5 18. o 18.0 16.0 lO .0 7.0 16.018.0 14.0 14. o 10.5 10.5 8.5 18. o 18.0 18.0 15.5 11 • '5 7.518.0 14.0 l•• 0 11 .0 lJ.O 6.0 18.0 18.0 18.0 1!>•o 1q..o 5.018.0 14.5 9.5 ••0 9.S 9.5 la.5 12.5 8.0 4.0 11.0 10.518.0 15.0 4.0 8.;) 11.0 11.0 18. '5 13.0 6.5 '.5 O.J 10.S18. o 15.0 6.0 5.0 10.0 14.0 18.5 13. o 6.5 5.0 '.5 IJ.O18.0 15. O 6.0 6.0 11.0 14.0 18.5 13.0 6.5 7.5 13.0 6.518.0 15.0 13.0 6.0 13.0 11).0 18.5 13.0 6.5 a.o I 1•5 13.018.0 15.0 13.0 10.5 9.5 9.5 18.5 13.0 5.5 ••0 12.5 11.018.0 15.0 15.0 12.0 12.0 7.0 18. '5 13.0 8.5 '.0 10.5 10.018.3 15.5 <.5 4.5 6.0 14.0 18.5 13.0 8.5 5.0 6.5 I::!.O13.0 15.5 7.5 4.0 10.5 15.5 18.5 13.0 8.5 7.5 13.0 6.518.0 15.5 8.5 7.5 11. o O., Id. '5 13.0 I 1. '5 ••0 6.5 IJ.O18.0 15.5 10.5 '.0 1.5 15.5 18.5 13.5 6.J 2.5 6.S 13.01B. o 15.5 12.5 '.0 12.5 10.5 IB.5 13.5 11. o 9.0 1.).0 6.'16.0 15.5 12.5 9.0 l3.S 7.' 16.5 14.0 6.5 6.5 12.1) 1 1.518.0 15.5 15. S lJ.5 15.0 4.0 15. ~ l4.0 7•• 5.0 7.5 I~.O18.0: 16.0 3.0 10.5 1~.5 12.5 16.5 14.0 7.5 1.5 12.0 7.518.0 16.0 5.0 2.5 6.5 15.5 1d. 5 1 4. o 13.5 4.0 13.5 11 .018.0 16.0 5.0 6.5 lO.5 15.5 18.5 14.0 lJ.5 10.5 l.J.1> '.5
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JI J~ 33 £, l, h JI J~ 33 l. t~ L3
18. S 1'.5 6.0 7.' 12.5 12.0 18.5 I J".O 10.5 10 •.5 D.O 7.'18.5 ••• 5 10.ll 7.S ••• IJ.O 13.' 17.0 10.5 13.5 ¡!j.O 4.'1~"515.0 4 .s 3.0 6.' I J.O 18.5 17.0 12.5 4.~1 !.o "~J.518.5 15.0 4.5 S.O 7.S .4.J 1'3.5 17.0 12.5 12.0 1\.5 6.018.5 15.0 7.S 2.5 9.0 14.5 Id.5 17.0 14.5 12.5 ';.0 lJ.$18.5 15.0 8.S 6.' 6.J 1.).5 18.5 17.0 16.5 3.' 15.5 .5.018.5 15.0 8.S '.0 Illoo' ''J.o 18.5 17.0 I ~h5 6.S 1:';'.0 11.518.5 15.0 8.S 10.0 l.J.'5 ó.o 18.5 17.0 16.5 7.S 15.0 10.518. '5 15.0 10.5 1 • O 10.5 15.0 1a. '5 17. O 10.$ 11 .•O .5.5 7.0IS.S 1'5.0 12.5 4.0 12.5 12.0 18.5 .,. O 16.5 14.0 6.S lJ.O18.5 15.5 5.0 6.0 IJ.O lJ.5 18.5 17.0 16.5 14.0 16.5 4.018.5 .5.5 5.0 10.0 14 •.J 13.5 18.5 17.5 2.0 '.0 9.0 15.518.5 15.5 7.0 3.5 9.S 15.0 18.5 17.5 2.0 14.0 .5.0 16.518.5 15.5 7.0 .., 10. '5 15.0 18.5 17.5 1 1.0 10. O 6.0 IJ.5US.5 15.5 7.0 3 .J 14.J 15.5 18.5 17.5 1" .0 12.5 4.S 15.018. :i 15.5 8.0 2.5 '.5 14.0 18.5 18.0 ••5 11.0 11.5 Itl.O18.5 15.S 8.0 6.S .0.5 13.0 1'''5 18.0 2.5 5.0 6.5 18.018.5 15.5 8.0 6.5 10.5 10.0 18.5 18.0 6.' 5.0 2.S 18.018.5 15.5 8.0 1.,).J 13.0 6.5 18.5 18.0 7.5 8.0 6.S 13.018.5 15.5 9.0 7.5 7.5 12.0 1d.5 18.0 9.5 J., 7.0 17.518.5 15.5 9.0 8.0 9.0 10.5 18.5 18.0 10.5 10.0 6.5 13.0I d,.S 15.5 9.0 '"' 11.0 ••• 18.5 15.0 1 1.5 11.0 ••• 18.0ld.5 15.5 9.0 11. O 1 ~.;) 5.5 15.5 18.0 11.5 12. O 10.5 9.018.5 15.5 13.0 7.' 1 J. OS 9.0 19.5 18.0 13.5 12.5 3.0 16.519.5 15.5 14.0 3.:) 11.5 15.;) 18.5 18.0 1J. '5 12.5 '.0 10.518.5 15.5 14.0 4.S 10.5 15.0 lOS. '5 18.0 13.5 13.5 12.0 7.518. '5 15.5 14.0 8.0 7.0 15.5 18.'5 18.5 6.0 7.S 6.S 13 •.:)1!t.5 15.5 14.0 12. J I.J.,) 6.5 18.5 18.5 9.0 7.5 2.5 18.018.5 16.0 J.5 7.5 9.J 15.5 18. '5 18.5 12.0 12.0 9.0 10.518.5 16.0 5.5 5.0 5.S 13.O ld.:i 18.5 13.0 12.0 5.0 13.51tt. 5 16.0 9.5 .., 4.S 1~.0 18. '5 18.5 13.0 12.'5 ••• 18.018.5 16.0 14.S O.J 14.5 '.0 16.5 18.5 13.0 1".5 13.5 6.018.5 16.0 14.5 12.:> 0.5 13.,:] 18.5 1~.5 15.0 13.5 6.5 1,J.0]18.5 16.0 15.5 12. '5 9.0 10.5 18.5 18.5 16.0 9.0 8.0 lé.518.5 16.5 4.0 3.0 6.0 15.5 18.5 18.5 11.0 12 •.,) 6.0 16.518.5 16.5 4.0 6.5 O., 15.018.5 16.5 4.0 7.5 10.'5 105.018.5 16.5 4.0 11.O 14.0 15.518.5 16.5 6.0 6.0 II.a 16.518.5 16.5 8.0 I • O '.0 16.518.5 16.5 8.0 3.5 8.5 14.018.5 16.5 8.0 7.S 10.5 10.G18.5 16.5 '.0 u.o 13.0 6.S
IB.5 16.5 1 I .0 '.0 6.0 16.518.5 16.5 11 •O 9.5 6.5 13.018.5 16.5 11 .0 10.5 1.J.~ 7.01a. 5 16.5 12.0 7.5 12.5 10.018.5 16.5 13.0] J.S 12.5 14.018.5 16.5 15.'] 6.0 10.0 15.518.5 16.5 1s.o 12.5 7.S 12.018.5 16.5 15.,J 12.5 9.S l'.018.5 16.5 15.0 14. O 15.0 4.518.5 17.0 2.5 15.0 16.5 15.018.5 17.0 3.5 10.5 1J. O 16.518.5 17.0 4.5 J.O 3.5 15.018.5 17.0 6.5 6.0 3.S 12.0la. 5 17.0 8.5 4.5 0.0 IJ.518.5 17. O 10. '5 9.S 3.0 150.518.5 17.0 10.5 9.S 7.0 12. '518. '5 17.0 10.5 10.5 10.0 '.S
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Table.lV. POLYNO."'l¡4L lEROS OF OEGREE Z

coefficient
of the b- j

Ji J,. J.• el e. 13 " '. '.• Il, t. '.'4.5 12.0 7.5 6.5 12.0 10.5
6•• 6•• 3•• 6•• s•• 6•• 1". '5 12.0 10.5 3.' 9•• 10.5
6•• 6•• ••• 6•• 3.0 6•• .4.5 12.0 10.5 ••• 9•• 9.5
6•• 6•• 6.0 6.0 '.0 J.o 14.5 12.0 10.5 6.5 12.0 7.5
6.' 6.0 ••• S•• 3.0 ••• '''.5 12.5 6.0 0.0 12.0 1\).5
7.0 6.0 '.0 '.0 6.0 '.0 1".5 13.5 9.0 6.~ 10.5 9.0
7.0 6.0 5•• '.0 6.3 '.0 14.5 '4.0 13.5 9.0 6.S 11.0
7•• O •• ••• '.0 5.5 '.5 .4.5 '4.5 3.0 0.5 1.5 13.0
7.' ••• '.0 '.5 S•• '.0 14.5 14.5 0.0 10.0 0.0 O ••
7.' ••• '.0 ••• s•• '.0 15.0 11 .•o 6.0 6.0 ~.o10.0
1.' 6.0 ••• '.5 5.0 '.5 15.0 11 .0 I 1 .0 5.0 10.0 0.0
0.0 0.0 3.0 6.5 s•• 1.5 15.0 11.5 6.5 6.0 7.' 9.'
O •• 1.' 3.0 6.0 6.0 1.' 15.0 12.0 6.0 5.0 9.0 9.0
O •• 1.5 6.0 6.0 3.0 1.5 15. o 12.0 10.0 3.0 I l. o 11.0
O •• o •• 2.5 '.0 3.5 '.0 15.0 12.0 10.0 5.0 9.0 9.0
0.5 0.0 3.S '.0 2.5 d.O 15. o 12.5 '.5 9.' 12.0 7.0
O •• O •• 3.0 '.0 3.0 7.' 15.0 13.5 S.S 9.S •l. o 6.0
9.0 0.0 3.0 3.5 3.5 7.' 15.0 13.5 9.5 9.5 6.0 11 .0
9.0 0.0 '.0 '.5 6.5 6.' 15.0 '4.0 3.0 0.0 0.0 13.,)
9.0 0.0 0.0 7.S 5.5 s •• 15. o '4.0 9.0 9.5 6.5 1:).5
9.0 0.5 ••• 4.::j 6.0 6.0 15.0 14.0 13.0 9.5 6.5 10.5
9.0 9.0 S.O 3.5 3.5 7.5 15.0 •••0 13.0 12.5 9.' 7.S
9.0 9.0 S.0 1.5 7.5 3.5 15.0 .4.5 12.5 12.5 9.0 '.0
9.0 9.0 0.0 O •• 7.5 3.5 15.0 15.0 12.0 9.5 '.5 12.5••• 7.' '.0 5.0 6.0 6.5 15. '5 1l. o 10.5 5.5 0.0 9.'••• 0.0 ••• 5.0 5.5 6.0 15.5 11.5 6.0 5.5 ••• 9.0
9.' ••0 7.5 1.0 5.5 6.0 15.5 11 .• '5 6.0 9.0 ll.a 10.5
9.5 ••• 0.0 '.0 0.0 3.5 15.5 1 1 ••'5 10.0 s•• 8.5 9.0
9.S ••• 9.0 9.3 1.3 '.5 .5.5 13.5 d.O 9.0 9.0 •••
, 0.5 9.0 6.5 6.0 '.5 5.0 15.5 1 J. '5 IJ.a 0.0 ~1. o 1.5
10.5 9.0 0.5 d.O '.5 d.O 15.5 15.0 I 1 ••'5 0.0 9.5 9.0
10.5 9.S 6.0 6.0 0.0 ••• 15. '5 15.0 I 1 ••'5 12.5 '''.0 •••
10.5 9.5 '.0 6.0 9.0 s •• 15.5 15.5 1.0 9.' '.5 15.0
10.5 10.5 2.0 '.0 5.0 B.' 15.5 15.5 '.0 ••• 3.5 15.0
10.5 10.5 1.0 '.0 6.0 6.' U>. o 10.5 7.5 '.0 1.' 10.5
11. o O •• 6.5 6.' a.o '.0 160.0 10.5 7.' '.0 10.5 10.5
11.0 9.0 6.0 6.5 1.' '.5 160.0 10.5 7.5 a.o 10.5 1;).5
11.0 10.5 ¿•• ••• '.0 '.0 160.0 10.5 10.5 '.0 10.5 7.5
I I .5 O •• '.0 7.0 0.0 5.5 16.0 11l.5 10.5 '.0 10.5 1.5
I1.5 ••• 1.0 7.0 7.0 6.' 160.0 11 .5 0.5 2.5 a.' 11.0
1I • 5 1 1.0 2.5 d.C 0.5 0.0 16.0 12. o 9.0 '.0 '.0 9.0
12.5 1 l. o 3.' 1.0 3.' 1.0 1!!t.O 12.0 9.0 0.0 9.0 9.0
12.5 11.5 ••0 1.0 d.O 6.' 1~.o 12.5 9.S 0.5 7.0 I 1.0
12.5 12. o 7.S 3.5 0.0 11 .5 16.0 13.0 9.0 '.5 7.' ID.S
12.5 12.0 O •• 2.S 9.0 11.5 16.0 13. o 13.0 '.0 10.5 1.S
12.5 12.5 0.3 0.5 3.5 11 .0 16.0 13.0 13.0 11. 5 10.5 1.'
13.0 12.0 9.0 5.0 1c. o 12.0 16.0 14.0 5.0 10.S 13.5 10.5
13.0 12.0 12.0 5.0 12.0 9.0 t 6. o 14.5 3.' 10.5 12.0 9.0
13.5 12.5 3.0 11 •o 12.0 ••• 160.0 14.~ '.5 6.0 ••• 11 .5
13.5 12.5 5.0 9.0 12.0 11.5 16.0 14.5 11.5 a.5 9.0 ••0
LJ.5 13.0 1.5 6.0 11.5 13.0 160.0 14.5 1 1.5 11.5 9.0 '.0
13.5 13.0 10.5 10.5 '.0 10.5 16. o 14.5 1 1 .5 13.0 13.5 •••
1.,).5 .3.0 11.5 6.0 7.' 1.].0 16.0 15.0 '.0 6.0 '.0 1 I • o
••• 0 12.0 6.0 5.lJ '.0 10.0 16.0 15.0 1 z.o 12.5 10.5 1.'
14.0 12.5 6.5 '.0 a•• 0.5 160.0 15.0 15.0 11 .5 12.5 5.'
14. o 13.0 1.0 6.5 Ile5 12.5 16.0 15.5 2.5 a.o d.5 11.5
14.5 11.5 '.0 10.0 11.0 11.5 150.0 15.5 0.5 9.0 3.5 1_.5
1".5 11.5 11.0 4.' o•• 10.0 16.0 15.5 15.5 11 .s 10.1l d.O
.4.5 1l. '} 1 1.0 10. O 5.0 11.5 16.0 15.5 15.5 IS.J 13.5 4.'
14.5 12.0 1.' 3.5 9.0 10.5 16.0 16.0 '.0 la .5 10.5 1.5
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Ji J, J, 1, £, l3 J, 3, J. Q. f, f.•
16.5 11.0 1.S J.O 6.5 11.0 18.0 18.0 2.0 15.5 IS.5 15 •.'5
16.5 11.0 8.S 3.0 1.S 11.0 18.0 IS.O I 1 ••O u.o I,J. O 10.0
16.5 11.5 8.0 '.0 8.0 10.5 18.0 18.0 1 J.O 11 •.O 10.0 10.0
16.5 12.0 8.S 4.S 11 •.<J 9.S 18.0 18.0 13.0 13.5 7.S 1.?5
16.5 1J.O 1Z.5 11 •.O 10.5 8.0 • !I.5 .4.5 6.0 5.0 IJ •.O 14.5
16.5 13.5 S.O 11 •. O I J. O 10.5 18.5 .4.5 6.0 O.S '.S 13.0
16.5 .4.0 4.S 6.S 8.0 11.5 16.5 14.5 10.0 6•• 0.0 .4.5
16.5 14.0 1 1 •• '5 11 ••O 9.5 9.0 18.5 15.0 6.5 6.S ••• 12.5
16.5 14.5 5.0 6.S 7.5 11 •. O lB.5 15.0 12.5 9.0 12•.5 8.0
16.5 •.•.•5 12.0 12.0 11.,) 1.S 18.5 15.5 1 ••.• 0 6.' 15.0 11.5
16.5 15.0 11.5 IZ. O 10.5 8.0 18.5 15.5 15.0 10. S 12.5 8.0
16.5 .5.5 3.0 7.S 8.S 11.0 IB.5 16.0 9.S 8.0 15.5 15.0
16.5 15.5 6.0 S.S ? S 14.0 18. '5 16.0 9.S 8.0 15.5 15. O
16.5 15.5 8.0 8.S 4.S 14.0 113.5 16.0 1 I .5 9.0 11 •.5 ?O
16.5 15.5 15.0 11 .ll ••0 • O ••'5 18.5 16. '5 8.0 6.' 8.0 12.S
16.5 15.5 15.0 14.5 4.S 14.0 US.S 16.$ 1J.O 6.0 .4.0 12.5
16.5 16.0 ,.S 1.S 8.0 10.5 18.5 16.5 15.0 14. O 8.0 12.5
16.5 16.0 1.S u.o 10.5 8.0 18.5 17.5 13.0 10.5 10.5 10.0
16.5 16.0 14.5 9.0 11.5 9.0 18.5 17.5 13.0 13.0 1.0 13.516.5 16.0 14.5 11.5 15.0 ••S 18.5 17.5 17.0 13. O 7.0 1.,1.516.5 16.5 1.0 8.S S.S 13.0 18.5 18.0 13.5 14. O 9.S 11 .016.5 16.5 10.0 B.O 4.0 14. S 18.5 18.0 15.5 6.0 11.5 I~.O16.5 16.5 14.0 11.0 9.0 9.S
16.5 16.5 15.0 15.5 13.5 S.O
17.5 1 I .0 8.S S.S 10.0 9.S
17.5 12.5 1.0 1.0 12.0 12.5
17.5 12.5 12.0 1.0 7.0 1~.S
17.5 15.0 9.S 1.0 9.5 10.017.5 15.0 9.S 10.5 14.0 6.S
1 1.5 15.0 14.5 10. O 10.5 9.0
17.5 15.5 6.0 5.S 9.S 1 J. O
17.5 15.5 14.0 10.0 ll) .;) ••S
17.5 15.5 1!50.0 14.5 14.5 S.O
17.5 16.0 6.S S.S ?i> 12.5
17.5 16.0 6.S S.S 9.0 1'<:.5
17.5 16.0 8.S to.s 13.J 7.S
17.5 16.0 10.5 7.0 15.5 16.0
17.5 16.0 1 1 .5 6.0 15.5 16.0
17.5 16.0 15.5 6.0 11.5 16.0
17.5 16.0 15.5 1.0 to.s 16.017.5 16.0 15.5 10. S lJ.O 1.S
17.5 16.5 16.0 15.0 8.0 It.517.5 17.0 3.S 14.5 16.0 15.5
18.0 14.0 6.0 1.0 8.0 14.0
18.0 14.0 B.O 1.0 6.0 14.0
18.0 14.5 9.S 11 .0 13.5 6.'18.0 14.5 14.5 13.0 1].5 6.S18.0 t5.0 1.0 1.0 1.0 13.0
18.0 15.0 8.S 11.0 12.5 1.S
18.0 15.5 15.5 tl.O 12.5 7.S
18.0 15.5 15.5 11.5 14. O 6.018.0 16.0 1J.O 10.0 15.,) 8.0
18.0 16.0 15.0 1.S 12.5 10.518.0 16.0 15.0 1.S 15.5 10.518.0 16.0 15.0 10.0 13.0 6.018.0 16.5 3.S ls.a 15. '5 150.5
18.0 16.5 14.5 7.S 12.J 1 1.a
18.0 17.5 13.5 13.5 6.0 14.0
18.0 17.5 14.5 9.S 15.0 10.018.0 17.5 17.5 12.5 .4.0 7.0
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Table v. Polynomial zeros Di degree 3,4 and 5 oí the 6-j coeffiC'ient.

POL YNO"414.L ZERoJS OF DE';REE 3

J,L J, h l~ i, £:)
12.0 10 •.5 10. S ~.S 10.0 5.0
12. O 12 •• O 9.0 ".0 '.0 11 •. O
13.0 10 •.5 9.5 7.5 10. O 6. O
1.J.O 12.0 B.O 7.5 B.5 7.5
14.0 11 •. O 6.0 6.0 9.0 10.0
14.0 1,.0 5.0 9.0 1l.O 12.0
14.0 12.0 7.O 6.0 B.O 9.0
14.0 12 •. O 1 t ••O 9.0 5.0 12.0
15.0 1,.O 6.0) ~.O 1 1 ••O 1 1 •• O
15.0 13 ••5 13.5 13.5 10.0 B.O
15.0 14.0 B.O 9.0 9.0 9.0
15.0 14 ••5 12.5 13.5 9.0 9.O
15.5 14 •.S 12.0 10.5 '.5 14.0
15.5 15.5 15.0 12.0 6.0 13.5
16.0 13 •.5 12.5 12.5 B.O 11•O
16 •• O 14 •.5 11 •.5 12.5 9.0 10.0
16.0 15 •.5 14.5 12.5 6.0 13.0
11.0 12 •.S 12.5 1 1 ••5 1 1 ••O 9.0
17. O 13.5 11 ••5 11.5 10.0 10.0
17.0 16 ••5 11 •.5 7.0 15.5 15. S
11.5 1S ••5 15.0 1 1 ••5 14.5 7.0
18 ••O 14.0 7.0 B.O 12. O 12.0lB.O 15.0 15.0 12.0 14.0 7.0
18.0 15.5 d.5 B.O 10.5 10.5
IB.a 17.0 13.0 14.0 7.0 14.0
18. J 17.0 1S. O 6.5 1 1 ••5 15.5
18.0 18.0 14.0 12.5 6.5 14.5
18.5 15 •• O 12.5 9.0 1 J. 5 9.0
18.5 15 •.5 14.0 10.5 14.5 B.O
1B. 5 16 ••O 11 ••5 9.0 12.5 10.018.5 16.5 10.0 3.5 15.5 14. O
18.5 18. O 11.5 ~.5 14.0 12.518.5 18.0 11.5 10. S 12.0 10.5

POLYNOM rA.L lEROS OF OEGREE •
16. O 15.0 15.0 11 .s 14.5 7.5
17.0 15.O 14.0 12.5 7.5 13.517.5 15.0 13.5 10.Q 14.5 9.0
l7.5 16.0 15.5 7.5 1,.O 15.517.5 17. O 11.5 10.0 12.5 1 1 • O
17.5 17.5 14.0 13.5 7.5 1•• 0lB. 5 14. O 13.5 11 .0 13.5 9.0
1B. 5 16. O 11.5 11.0 11.5 I 1 • O18.5 10.0 15.5 B.O 1 1 • 5 15. O

POLY NOM 14L ZEROS QF DEGREE 5

14. O 13.5 12.5 12.5 10.0 9.0
15.0 12.5 12.5 11.5 11. O 9.O
15.0 13.5 11.5 11 .5 10.0 10.0



{j1i,l,t
forTable VI GenerLc polynomial zeros of the 6-j coelficient t•.t, t,

which explanations have been glven.

il i2 i3 tI ~ .t¡ Explanation Ret. O

2 2 2 1.5 1.5 1.5 quasi-spin+ 2,3

5 5 3 3 3 3 R
7
':JG

2
:JS03 !,3

5 S 2 2 2 :} g-shell 5

6 4 2 5 f. p. c. •••9 5

11 11 3 4 4 :}S026:JF 4=,5°3
6.

l! 11 9 8 4 6.
3 2 2 2

2
4
} F 4",S01l'S03

6b
1 4.5 4.5 2.5 4 6b
11 8 6 4 4

¡)
6e

1 6 5 4 6
E6::>S03

6e 2

6 6 6 5 4 6e
9 6 4 2 5 6e

+Regge symmetries do 001 give rise to any alher 6-j coefficienl.
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6 5}
5 6 • follow from the Regge syrnmetrieB.

++ {~ : ~}. t:
g ~;}. g

4, 5 1. st ..
2.5 4.55

(5 4.5 2.51
12 l. 5 4. sI .od

Note: The 24 6-j coefficient zeras which follow froro the 9 alher generic
zeras in this Table can be found in Table 1 of rer. oc.




