
Atomic Data and Nuclear Data Tables 96 (2010) 1–25
Contents lists available at ScienceDirect

Atomic Data and Nuclear Data Tables

journal homepage: www.elsevier .com/locate /adt
Radiative recombination rate coefficients for highly-charged tungsten ions

M.B. Trzhaskovskaya a,*, V.K. Nikulin b, R.E.H. Clark c

a Petersburg Nuclear Physics Institute, Theoretical Physics Division, Gatchina 188300, Russia
b Ioffe Physical Technical Institute, St. Petersburg 194021, Russia
c Nuclear Data Section, International Atomic Energy Agency, Vienna A-1400, Austria
a r t i c l e i n f o

Article history:
Available online 7 October 2009
0092-640X/$ - see front matter � 2009 Elsevier Inc. A
doi:10.1016/j.adt.2009.08.004

* Corresponding author. Tel.: +7 813 71 46096; fax
E-mail address: Trzhask@MT5605.spb.edu (M.B. Tr
a b s t r a c t

Partial and total radiative recombination rate coefficients are presented for highly-charged ions of tung-
sten with closed shells, W28þ , W38þ , W46þ , W56þ , W64þ , W70þ, and W72þ , as well as for the H-like ion W73þ

and the bare nucleus W74þ. The temperature range 103—1010 K is considered. Calculations have been per-
formed in the framework of the fully relativistic Dirac–Fock treatment of photoionization and radiative
recombination processes taking into account all significant multipoles of the radiation field. We assess
the influence of multipole effects on recombination rate coefficients as compared with the commonly
used dipole approximation. For the first time, we show that the relativistic Maxwell–Boltzmann distribu-
tion of continuum electrons should be used at high temperature. This decreases the rate coefficient sig-
nificantly compared to the nonrelativistic distribution.

� 2009 Elsevier Inc. All rights reserved.
ll rights reserved.

: +7 813 71 31963.
zhaskovskaya).

http://dx.doi.org/10.1016/j.adt.2009.08.004
mailto:Trzhask@MT5605.spb.edu
http://www.sciencedirect.com/science/journal/0092640X
http://www.elsevier.com/locate/adt


2 M.B. Trzhaskovskaya et al. / Atomic Data and Nuclear Data Tables 96 (2010) 1–25
Contents
1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2. Method of calculation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
3. Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
3.1. Relativistic factor for the radiative rate coefficient . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
3.2. Multipole effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
3.3. Asymptotic values of photoionization cross sections at high energy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.4. Comparison with other calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
3.5. Radiative rate coefficients for tungsten ions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
4. Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Appendix A. Supplementary data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Explanation of Table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1. Radiative recombination rare coefficients . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
1. Introduction

Radiative recombination rate coefficients along with photoion-
ization and radiative recombination cross sections are required
for estimates of ionization equilibria and thermal balance in terres-
trial and astrophysical plasmas contaminated by various ions. In
fusion reactors, impurity ions of heavy elements up to tungsten
may be present. Data on highly-charged tungsten ions are impor-
tant in the performance of future fusion devices developed, for
example, in the framework of the Tungsten Program [1].

A number of calculations exist for photoionization cross sec-
tions (PCS) and radiative recombination cross sections (RRCS) as
well as for radiative recombination rate coefficients for ions of ele-
ments with atomic number Z 6 54 [2–11]. However, there are few
calculations of PCS and RRCS for ions as heavy as tungsten [10,11].
As to the recombination rate coefficients for tungsten ions, data for
three ions obtained using an approximate theoretical method are
presented in Ref. [5] at four values of temperature in the range
1 6 kBT 6 30 keV (kB is the Boltzmann constant and T is the tem-
perature). Because tungsten impurities are deeply involved in
fusion studies and atomic data on ionization–recombination coef-
ficients are currently unavailable [1], we present the partial and
total recombination rate coefficients for nine highly-charged ions
of tungsten from the Pd-like ion W28þ to the bare nucleus W74þ.
The wide range of temperatures 0:09 eV K kBT K 900 keV is
considered. We have used a fully relativistic treatment of photo-
ionization and radiative recombination processes. Electron wave-
functions were found in the framework of the Dirac–Fock (DF)
method with proper consideration of the exchange interaction be-
tween electrons. All significant multipole orders of the radiation
field were taken into account.

As is well known (see, for example, Refs. [11–14] and references
therein), the multipole and relativistic effects are of great
importance in consideration of photoionization and radiative
recombination at high electron energies, especially for heavy and
highly-charged ions. In particular, as has been noted in Ref. [11],
the difference between the relativistic calculation of RRCS with
regard to all multipoles and the nonrelativistic calculation within
the dipole approximation for the 1s;2p, and 3d shells of uranium
is 10–18% even at electron kinetic energy as low as Ek ¼ 10 eV
and may exceed an order of magnitude at Ek ¼ 1000 keV.

Nevertheless, the multipole and certain relativistic effects are
usually neglected in consideration of photoionization and radia-
tive recombination processes in plasmas. For example, in Ref.
[7], the electric dipole approximation is used while the electron
energy range up to 100 keV is considered. The electric dipole
approximation is also adopted in a recent paper [8] where recom-
bination rate coefficients for isoelectronic sequences to the
Na-like one for Z = 1–30, 36, 42, and 54 are presented. The highest
electron energy under consideration is equal to 1.36 Z2 keV,
which is to say that for Z ¼ 54, Ek � 4000 keV. The widely used
tables [2] of hydrogenic recombination rate coefficients were cal-
culated within the nonrelativistic dipole approximation for tem-
peratures up to T ¼ 1.

To find recombination rate coefficients for such high tempera-
tures, it is necessary to have the RRCS or PCS values at very high
energies up to several thousand keV. Usually, asymptotic values
of PCS are used in the simple nonrelativistic form rðiÞph / k�ð3:5þ‘iÞ

(rðiÞph is the PCS for the ith shell, k is the photon energy, and ‘i is
the orbital momentum) [6,8]. However, as will be shown below,
this asymptotic form is not adequate in the case of the relativistic
PCS calculation including all multipoles.

As to relativistic effects, calculations [3,7,8] have been carried
out using semi-relativistic corrections. However, in determining
RRCS, the majority of calculations commonly use the nonrelativ-
istic expression for the transformation coefficient between PCS
and RRCS which may result in erroneous values of RRCS and
recombination rate coefficients at high electron energies. We
show here, for the first time, the relativistic correction factor to
the expression for the recombination rate coefficient arising from
treatment of the relativistic Maxwell–Boltzmann distribution of
continuum electrons instead of the commonly adopted nonrela-
tivistic one. The factor depends on temperature and may change
the recombination rate coefficients by several multiples at high
temperatures.

Given the aforesaid observations, it is important to assess the
contribution of nondipole effects and the impact of the proper
asymptotic behavior of the relativistic cross sections with regard
to all multipoles as well as the specific relativistic effects in a cal-
culation of recombination rate coefficients for various ions. In this
paper, we consider the influence of the following effects on recom-
bination rate coefficients and relevant cross sections: (i) the rela-
tivistic transformation coefficient between PCS and RRCS; (ii) the
relativistic factor in the expression for the recombination rate coef-
ficient; (iii) taking into account multipole effects; and (iv) the
proper asymptotic behavior of the relativistic PCS with regard to
all multipoles. These effects are shown to play an essential role
in calculations of PCS and RRCS, and, ultimately, of recombination
rate coefficients, altering the results considerably at high electron
energies. Preliminary results concerning points (i)–(iii) were pre-
sented recently [9].

In Section 2, we present the expressions for PCS and RRCS as
well as derive the relativistic correction factor for the recombina-
tion rate coefficient expression. In Section 3, we discuss the results
obtained for ions of tungsten along with ions of other representa-
tive elements to demonstrate that our conclusions are generally
applicable. We also compare our results with other calculations.
Partial and total recombination rate coefficients for tungsten ions
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presented in Table 1 were calculated including the influence of
these effects. The total rate coefficient is the sum of the partial ones
over all atomic shells with principal quantum number n 6 20. Par-
tial recombination rate coefficients are given for shells with n 6 12
and orbital quantum number ‘ 6 6 which contribute more than
�70% of a total rate coefficient.

2. Method of calculation

The partial PCS in the ith subshell per one electron involved in
the rate coefficient calculation can be written as

rðiÞph ¼
4p2a

~kð2ji þ 1Þ

X
L

X
j
ð2Lþ 1ÞQ2

LLðjÞ þ LQ2
Lþ1LðjÞ

h
þðLþ 1ÞQ2

L�1LðjÞ � 2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
LðLþ 1Þ

p
Q L�1LðjÞQ Lþ1LðjÞ

i
: ð1Þ

We use relativistic units ð�h ¼ m0 ¼ c ¼ 1Þ in Eqs. (1)–(5). Here
~k ¼ k=m0c2 is the photon energy, a is the fine structure constant, L
is the multipolarity of the radiation field, the relativistic quantum
number j ¼ ð‘� jÞð2jþ 1Þ, ‘ and j are the orbital and total angular
momenta of the electron, and QKLðjÞ is the reduced matrix element
which is written in the form

QKLðjÞ ¼ ½�‘�½‘i�=½K�
� �1=2

CK0
�‘0‘i0

A

�‘ 1=2 j

‘i 1=2 ji

K 1 L

0
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1
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þ ½‘�½�‘i�=½K�
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�‘i 1=2 ji

K 1 L

0
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1
CAR2K: ð2Þ

Here �‘ ¼ 2j� ‘, CK0
‘10‘20 is the Clebsch–Gordan coefficient, A is the

recoupling coefficient for the four angular momenta, ½a� denotes
the expression ð2aþ 1Þ, and R1K and R2K are the following radial
integrals

R1K ¼
Z 1

0
GiðrÞFðeEk; rÞjKð~krÞdr;

R2K ¼
Z 1

0
GðeEk; rÞFiðrÞjKð~krÞdr: ð3Þ

In Eq. (3), jKð~krÞ is the spherical Bessel function of the Kth order, G
and F are the large and small components of the Dirac electron
wavefunction multiplied by r, and eEk ¼ Ek=m0c2 is the kinetic elec-
tron energy. In Eqs. (1)–(3), the subscript i is related to the bound
electron while designations with no subscript are related to the
continuum electron state. Electron wavefunctions are calculated
by the DF method with inclusion of the exact exchange between
bound electrons as well as between bound and free electrons
[15]. The finite nuclear size is taken into account. Both bound
and continuum wavefunctions are calculated in the self-consistent
field of the corresponding ions with N þ 1 and N electrons,
respectively.

The subshell RRCS of the recombination process accompanied
by the capture of an electron with energy eEk to the ith subshell
of the ion with N electrons is expressed in terms of the correspond-
ing PCS as follows.

rðiÞrr ¼ Aqir
ðiÞ
ph; ð4Þ

where qi is the number of vacancies in the ith subshell prior to
recombination. The transformation coefficient A can be derived
from the principle of detailed balance. The exact relativistic expres-
sion for the coefficient has the following form [11,14]
Arel ¼
~k2

2eEk þ eE2
k

: ð5Þ

However, in the majority of calculations [5–10], the coefficient is
used in the form

A ¼ k2

2m0c2Ek
; ð6Þ

which was obtained in the nonrelativistic approximation.
The difference between rðiÞrr obtained with Eqs. (5) and (6) de-

pends on the electron energy Ek only and can be written as

A� Arel

Arel
¼ Ek

2m0c2 : ð7Þ

As is evident, the difference is equal to � 10% at Ek ¼ 100 keV and
reaches �100% at 1000 keV. Consequently, the relativistic transfor-
mation coefficient must be used in the RRCS calculation at high
energies.

The relativistic recombination rate coefficient aðiÞrelðTÞ can be
found using the thermal average over the fully relativistic RRCS,
the continuum electron velocity being described by the relativistic
Maxwell–Boltzmann distribution function f ðEÞ normalized to unity
as follows [16]

f ðEÞdE ¼ EðE2 � 1Þ1=2

he1=hK2ð1=hÞ
� e�ðE�1Þ=h dE: ð8Þ

Here E is the total electron energy in units of m0c2 including the rest
energy and h ¼ kBT=m0c2 is the characteristic dimensionless tem-
perature. The function K2 denotes the modified Bessel function of
the second order. Taking into account the relativistic distribution
in the form of Eq. (8) and the transformation coefficient Arel

(Eq.(5)), we have for the relativistic radiative recombination rate
coefficient

aðiÞrelðTÞ ¼ hvr
ðiÞ
rr i ¼ FrelðhÞ � aðiÞðTÞ: ð9Þ

Here v ¼ ðp=EÞc is the electron velocity with the momentum

p ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E2 � 1

p
and aðiÞðTÞ is the usual recombination rate coefficient

with nonrelativistic Maxwell–Boltzmann electron distribution
which may be written as

aðiÞðTÞ ¼ ð2=pÞ1=2c�2ðm0kBTÞ�3=2qi

Z 1

ei

k2rðiÞphðkÞe
ðei�kÞ=ðkBTÞ dk; ð10Þ

where ei is the binding energy of the ith shell. Eq. (10) is equivalent
to Eq. (2) from Ref. [4]. In Eq. (9), FrelðhÞ is the relativistic factor
which has the form

FrelðhÞ¼
ffiffiffiffiffiffiffi
p
2

h

r �
K2ð1=hÞe1=h: ð11Þ

This is just the factor which has been disregarded in all previous
calculations.

One may easily obtain an approximate expression for the rela-
tivistic factor FrelðhÞ using the asymptotic expansion of the Bessel
function K2ð1=hÞ at large 1=h [17], that is, at low temperature.
The approximate expression can be written as

eF relðhÞ ¼ 1
.

1þ 15
8

hþ 105
128

h2 þ � � �
� �

: ð12Þ

As will be shown below, Eq. (12) provides an excellent approxima-
tion for FrelðhÞ with the terms through order h2 at hK 1.

The integral in Eq. (10) was calculated by the use of the five-
point Newton–Coates quadrature formula at temperature
T K 108 K. At higher temperature for rapid convergence of the inte-
gral, we calculated the integral written in the form proposed by
Nahar and Pradhan [18]
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Fig. 1. (a) The exact relativistic radiative recombination rate coefficient factor
FrelðhÞ (solid) and the approximate factor eF relðhÞ (dotted); (b) rate coefficients
að2sÞðTÞ with (solid) and without (dashed) regard to the relativistic factor (Eq. (9))
for recombination of the 2s electron with the Xe52þ ion.

Fig. 2. Subshell radiative recombination cross sections (in barns) calculated taking
into account all multipoles L (solid) and within the electric dipole approximation
(dashed) as a function of the electron energy Ek .
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aðiÞðTÞ¼ ð2=pÞ1=2c�2ðm0kBTÞ�3=2qi

Z 1

0
ðei�kBT lnxÞ2rðiÞphðkÞdx: ð13Þ

The integral in Eq. (13) was estimated using Gaussian quadrature
with 40 nodes and refined with 80 nodes [19]. The integration
was terminated if the difference between the integral values ob-
tained was less than a prescribed accuracy. If the integral was cal-
culated with an insufficient accuracy, the integration interval was
reduced and the integral was recalculated. Then the rest of the
interval was estimated. This method turns out to be efficient and
provides the accuracy required in the calculations.

The majority of the recombination rate coefficients in Table 1
were calculated with an accuracy better than 1%. In the worst cases
(outer shells and highest temperatures), the accuracy is K 5%.
3. Results and discussion

3.1. Relativistic factor for the radiative rate coefficient

It follows from Eq. (11) that the relativistic factor for the recom-
bination rate coefficient depends only on temperature. The T-
dependence of the factor is demonstrated in Fig. 1(a). As is seen,
the factor FrelðhÞ differs noticeably from unity beginning at several
tens of keV. Adopting the relativistic distribution of continuum
electrons instead of the nonrelativistic one results in a decrease
of the rate coefficient values by a factor of 1.2 at plasma tempera-
ture kBT ¼ 50 keV and up to a factor of 7 at kBT ¼ 1000 keV. It
should be noted that the widely used tables of hydrogenic recom-
bination rate coefficients tabulated for temperatures up to T ¼ 1
were calculated for the nonrelativistic Maxwell distribution [2].

We also compare the exact relativistic factor FrelðhÞ (the solid
curve in Fig. 1(a)) and the approximate one eF relðhÞ (the dotted
curve). As can be seen, there is little difference between the two
curves. The approximate and exact values of the factor differ by
�4% at kBT ¼ 500 keV and 25% at kBT ¼ 1000 keV.

To gain a better illustration, we display in Fig. 1(b) the recombi-
nation rate coefficients obtained with (solid curve) and without
(dashed) the relativistic factor for recombination of the 2s electron
with the He-like ion of Xe. One can see that inclusion of the relativ-
istic factor changes að2sÞðTÞ considerably at high temperatures.

3.2. Multipole effects

The electric dipole approximation involves only terms with
L ¼ 1 in Eq. (1). In this case according to selection rules (see Eq.
(2)), the associated values of j are equal to ji � 1;�ji, and ji þ 1
where ji refers to the ith shell. As is well known, the dipole
approximation in PCS calculations holds at low electron energy
Ek but breaks down at a higher energy (see, for example, Refs.
[12,13] and references therein). Let us assess the impact of nondi-
pole effects on RRCS and recombination rate coefficients for vari-
ous highly-charged ions.

In Fig. 2, we compare RRCS obtained by the DF method in the
electric dipole approximation rrr(dip) (dashed curves) with RRCS
calculated with allowance made for all necessary multipoles
rrrðLÞ (solid curves) for various ions of Fe and W. The electron en-
ergy range under consideration is 1 6 Ek 6 1000 keV. Magnitudes
of the percent difference between the two calculations

Ddip ¼
rrrðLÞ � rrrðdipÞ

rrrðLÞ
� 100% ð14Þ

are given in Table A for bare nuclei of a number of elements.
As illustrated in Fig. 2, the solid and dashed curves begin to di-

verge noticeably even at several keV. At the highest energy,
1000 keV, in the case of W74þ, rrr(dip) is smaller than the exact va-
lue rrrðLÞ by�5 times for the 1s shell and by�40 times for the 4f 5=2

subshell. As shown in Table A, the dipole approximation differs
from the exact calculation by �3% to 20% at Ek ¼ 10 keV, �15% to
50% at Ek ¼ 50 keV, and �100% (by several multiples in reality) at
Ek ¼ 1000 keV. The dependence of Ddip on the orbital quantum
number ‘i of the shell under consideration is shown to be notice-
able, Ddip being larger with increasing ‘i. The difference Ddip in-
creases slightly with Z at low energies Ek K 10 keV and does not
depend on Z at higher energies. We list in Table A shells with



Table A
Difference Ddip (in %) between RRCS calculated taking into account all multipoles rrrðLÞ and within the dipole approximation rrr(dip) (see Eq. (14)) for bare nuclei.

Ek (keV) 1s shell 2p1=2 shell 3d3=2 shell 4f 5=2 shell

Ne Fe Xe W Ne Fe Xe W Ne Fe Xe W Ne Fe Xe W

0.01 0.1 0.7 2.9 5.2 0.1 0.7 2.6 4.3 0.1 0.6 2.5 4.5 0.1 0.6 2.5 4.6
1 0.4 1.0 3.2 5.4 0.7 1.2 3.1 4.8 1.1 1.6 3.5 5.5 1.7 2.2 4.0 6.0
10 3.2 3.8 5.8 7.9 5.6 6.2 7.7 8.9 10 10 12 13 15 15 16 18
50 15 15 17 18 24 24 25 24 38 38 38 38 51 52 52 52
100 27 27 28 29 40 40 40 39 58 58 57 57 75 73 73 73
500 75 74 74 72 84 84 84 82 89 89 90 90 97 95 95 95
1000 83 83 82 82 92 93 93 93 93 94 95 95 98 97 97 98

Table B
The number of multipoles L taken into account in the present calculation of rph for the
W73þ ion.

Ek (keV) 1s 2p1=2 3d3=2 4f 5=2

10 5 6 8 10
50 6 7 10 12

100 7 8 11 14
500 13 16 21 26

1000 19 24 31 37

Fig. 3. Difference Da (see Eq. (15)) between rate coefficients calculated with regard
to all significant multipoles and in the dipole approximation for recombination of
the 2s, 2p1=2, 3s, 3p1=2, and 3d3=2 electrons with He-like ions.

ba

c d

Fig. 4. Photoionization cross sections rðnsÞ
ph multiplied by km where m ¼ 3:5 ((a) and

(b)) and m ¼ 2:2 ((c) and (d)) for the ns shells of Fe and W ions. Solid lines show the
DF calculation having regard to all multipoles L and dashed lines show results for
the DF dipole approximation.
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j ¼ ‘� 1=2 only because there is approximately the same differ-
ence for shells with j ¼ ‘þ 1=2. As demonstrated in Fig. 2, the dif-
ference is scarcely affected by the ion charge and the principal
quantum number ni of the shell. There is practically the same dif-
ference Ddip, for example, for recombination of the 1s electron with
the bare nucleus of W and for recombination of the 6s electron
with the many-electron ion W6þ as well as for recombination of
the 3d3=2 ð2p1=2Þ electron with the bare nucleus of Fe and the
3d3=2 ð4p1=2Þ electron with the ion Fe8þ.

The results presented show that RRCS obtained within the di-
pole approximation are inaccurate at high energies. Table B dem-
onstrates how many multipoles must be taken into consideration
for various shells of the ion W73þ at various electron energies to
achieve the accuracy of � 0:01% prescribed in our PCS calculations.

From the aforesaid, it may be assumed that the dipole approx-
imation will also fail in the calculation of recombination rate coef-
ficients at high temperature. In Fig. 3, we present the percent
difference between the exact aðiÞðLÞ and dipole aðiÞðdipÞ values of
the rate coefficient which may be written as

Da ¼
aðiÞðLÞ � aðiÞðdipÞ

aðiÞðLÞ � 100%: ð15Þ

The difference is given for recombination of the 2s;2p1=2;3s;3p1=2,
and 3d3=2 electrons with the He-like ions Fe24þ, Xe52þ, and W72þ.
These shells are the lowest ones making significant contribution
to total rate coefficients. As evident from the figure, the difference
Da is larger for heavy elements. The inclusion of higher multipoles
may change partial rate coefficients by �7% at a temperature of
T ¼ 108 K, by �20% at T ¼ 109 K, and by �50% at T ¼ 1010 K for
W72þ. This shows that at high temperature, total recombination rate
coefficients obtained within the dipole approximation will be con-
siderably smaller than accurate values obtained using all multipoles
L, all other approximations being the same.
3.3. Asymptotic values of photoionization cross sections at high energy

Another problem in the rate coefficient calculation is associated
with the necessity to involve PCS or RRCS at high electron energy.
Because the proper PCS calculation at high energy is a difficult task,
many authors match asymptotic values. Usually the well-known
asymptotic expression is involved [6,8] which has been derived



Table D
Comparison of our calculated PCS with results by Badnell [8] for the 2s shell of the Li-
like ion Fe23þ .

Ek (keV) rph (Mb) Dð%Þ

Badnell Present

0.001646 2.487(�2) 2.380(�2) �4.5
0.01646 2.451(�2) 2.345(�2) �4.5
0.07836 2.306(�2) 2.210(�2) �4.3
0.3605 1.778(�2) 1.712(�2) �3.8
0.7836 1.259(�2) 1.218(�2) �3.4
1.646 7.002(�3) 6.822(�3) �2.6
7.836 6.582(�4) 6.491(�4) �1.4
16.46 1.263(�4) 1.245(�4) �1.4
78.36 1.782(�6) 1.801(�6) 1.0
164.6 1.821(�7) 1.969(�7) 7.5
360.5 1.471(�8) 1.989(�8) 26
783.6 1.134(�9) 2.784(�9) 59
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in the framework of the nonrelativistic dipole approximation and
can be written as follows [20],

rðiÞph � k�ð3:5þ‘iÞ: ð16Þ

However, Eq. (16) breaks down for the asymptotic behavior of the
relativistic PCS. Both the relativistic and multipole effects contrib-
ute to the asymptotic behavior. In Fig. 4, we present the product
rðnsÞ

ph � km for ions Fe23þ : 1s2ns and W63þ : ½Ne�ns involving PCS for
the ns-electrons with various n. The DF calculations of rðnsÞ

ph were
carried out with allowance made for all L (solid curves) and within
the electric dipole approximation (dashed curves). As is seen, the
solid curves have no asymptote in the whole photon energy range
100 6 k 6 1100 keV with m ¼ 3:5 (Fig. 4(a) and (b)). The dashed
curves reach an approximate asymptote at the photon energy
k � 100—150 keV. However this asymptote has little in common
with exact values of the product considered as is evident from a
comparison of solid and dashed curves.

In Fig. 4(c) and (d), the product rðnsÞ
ph � k2:2 is shown. The value

m ¼ 2:2 was obtained through fitting of the rðnsÞ
ph values at lower

energies. In this case, the solid curves associated with relativistic
calculations including all multipoles reach a rather good asymptote
at high energies k � 500—600 keV. As shown, this asymptotic
behavior holds for various ns shells ð2 6 n 6 12Þ as well as for dif-
ferent elements and different ions. It should be noted that the
asymptotic behavior rðnsÞ

ph / k�2:2 obtained in the present work cor-
relates well with the energy-dependence rphðkÞ for the 1s shell of
the hydrogen-like, high-Z ions presented by Bethe and Salpeter
[21]. They demonstrated that in the relativistic case, rð1sÞ

ph / k�m

where m varies almost monotonically from m � 2:7 to m ¼ 1 at
the ultra-relativistic limit, never taking the value m ¼ 3:5.

Consequently, we may say that adoption of the PCS asymptote in
the form of Eq. (16) results in inaccurate values of rðiÞph and rðiÞrr at high
Ek and, because of this, inaccurate values of aðiÞðTÞ at high T. In the
present work, the values of rðiÞph involved in Eq. (10) were found with-
out using an approximate analytical asymptote by direct DF calcula-
tions up to the electron energy Ek J 7000 keV for the s; p, and d
electrons and to several hundred keV for shells with larger orbital
angular momenta (or less if the PCS decrease rapidly as Ek increases).
In a few cases we have extrapolate PCS using the Lagrange four-point
formula to obtain values at higher energies.

3.4. Comparison with other calculations

In Table C we present our calculated PCS compared with the
corresponding results by Ichihara and Eichler [11] and Badnell
[8] for the 1s shell of the H-like ion Xe53þ. In each case, we give
Table C
Comparison of our calculated PCS with results by Ichihara and Eichler [11] and by Badnel

Ek (keV) rph (Mb) E

Ichihara and Eichler Present

0.001 1.94(�3) 1.94(�3) 0
0.004 1.94(�3) 1.94(�3) 0
0.04 1.94(�3) 1.94(�3) 0
0.2 1.92(�3) 1.92(�3) 0
0.4 1.89(�3) 1.89(�3) 0
2. 1.71(�3) 1.71(�3) 1
4. 1.52(�3) 1.52(�3) 3
40. 3.08(�4) 3.08(�4) 3
80. 9.94(�5) 9.94(�5) 8
200. 1.40(�5) 1.41(�5) 1
400. 2.75(�6) 2.75(�6) 3
800. 5.97(�7) 5.97(�7) 8
2000. 1.13(�7) 1.13(�7) 1
4000. 4.07(�8) 4.07(�8) 3
6000. 2.39(�8) 2.36(�8)
rð1sÞ
ph for those values of Ek which are presented by the other

authors. Our results were obtained just for these energies. The per-
cent difference D between the PCS obtained in the present work
and by the other authors is written as follows,

D ¼
rðiÞphðpresentÞ � rðiÞphðotherÞ

rðiÞphðpresentÞ
� 100%: ð17Þ

The case of an one-electron ion is particularly convenient for check-
ing the influence of the higher multipoles and the method of calcu-
lation because the ion is free from any inter-electron interactions.
Also, the results obtained in the velocity and length gauge coincide
for a one-electron ion.

As is evident, our calculations are in excellent agreement over
the wide range of electron energy 1 eV 6 Ek 6 6000 keV with the
values from a relativistic calculation [11] where all multipoles
were included. In each case, our values of rðiÞph coincide with an
accuracy of three significant digits with the results given in Ref.
[11]. The maximum difference between the two calculations is
�1% at the highest energy Ek ¼ 6000 keV.

In contrast, PCS obtained by Badnell exceed our values by �16%
in the energy range Ek K 4 keV and become smaller at higher ener-
gies, decreasing by approximately a factor of 8 at Ek � 1800 keV
and a factor of �30 at Ek � 4000 keV. The comparison of our PCS
calculation for rð2sÞ

ph with results by Badnell for the comparatively
light ion Fe23þ presented in Table D reveals a similar tendency,
but smaller in magnitude at low energies. The reason for the differ-
ence at low energies is not clear. It is possible that this is the influ-
ence of methods of calculation used in Ref. [8]. However, the
difference at higher energies is likely due to a combination of ne-
l [8] for the 1s shell of the H-like ion Xe53þ .

k (keV) rph (Mb) Dð%Þ

Badnell Present

.00083 2.246(�3) 1.937(�3) �16

.00397 2.245(�3) 1.937(�3) �16

.03967 2.240(�3) 1.935(�3) �16

.1824 2.218(�3) 1.918(�3) �16

.3967 2.186(�3) 1.892(�3) �16

.824 1.938(�3) 1.732(�3) �15

.967 1.734(�3) 1.523(�3) �14
9.67 3.256(�4) 3.114(�4) �4.5
3.31 9.095(�5) 9.206(�5) 1.2
82.4 1.539(�5) 1.740(�5) 12
96.7 1.894(�6) 2.802(�6) 32
33.1 2.071(�7) 5.495(�7) 62
824. 1.730(�8) 1.318(�7) 87
967. 1.350(�9) 4.117(�8) 97



Fig. 5. Partial rate coefficients aðiÞ versus the principal quantum number n for
recombination of electrons into various states with the ion W72þ at T ¼ 107 K.

Fig. 7. Total radiative recombination rate coefficients atot for the tungsten ions
under consideration.
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glect of the higher multipoles and the semi-relativistic approxima-
tion used in Ref. [8].

Our total recombination rate coefficients for the tungsten ions
W74þ, W64þ, and W56þ were compared with results by Kim and
Pratt [5] obtained in the framework of an approximate method
using cross sections for the bremsstrahlung ‘‘tip” region together
with only a few direct calculations of RRCS. The authors performed
relativistic Dirac–Slater calculations of the RRCS with regard to all
multipoles. All other cross sections for each state nj were obtained
by interpolation using the quantum defect method. Although an
approximate approach was used in Ref. [5], the comparison re-
vealed a reasonably good agreement between the two calculations.
The difference ranged from 3% to 11% (depending on the tempera-
ture) for the bare nucleus and from 16% to 36% for the Ar-like ion.
Clearly the relativistic factor FrelðhÞ (Eq. (11)) was not included in
Ref. [5]. At the maximum temperature under consideration
kBT ¼ 30 keV, FrelðhÞ ¼ 0:9.
3.5. Radiative rate coefficients for tungsten ions

Rate coefficients are given in Table 1 for recombination of an
electron with the following ions of tungsten: the bare nucleus
W74þ, the H-like ion W73þ, and for seven ions with closed shells –
the He-like ion W72þ, the Be-like ion W70þ, the Ne-like ion W64þ,
Fig. 6. Partial rate coefficients aðiÞ versus temperature T for recombination of
electrons into various states with the ion W64þ .
the Ar-like ion W56þ, the Ni-like ion W46þ having the most stable
electron configuration ½Kr�3d4

3=23d6
5=2 [10], the Kr-like ion W38þ,

and the Pd-like ion W28þ. Fifteen values of temperature in the
range 103

6 T 6 1010 K are considered. Relativistic DF calculations
were performed using expressions and methods described above.

The partial recombination rate coefficients aðiÞrel (below aðiÞ) are
presented in Table 1 for electron states with n 6 12 and ‘ 6 6 as
well as the total recombination rate coefficients which are writ-
ten as

atot ¼
X
i�nj

aðiÞ: ð18Þ

The summation in Eq. (18) was extended over all electron states
with n 6 20 and all possible relativistic quantum numbers
j ¼ 	1;	2; . . .� n. Electron states with n > 20 were not taken into
account because in a real plasma, there is a cutoff of bound levels
from density effects, above which recombination is not meaningful.
For fusion plasmas with electron density in the range of 1014=cm3,
the upper limit on the principal quantum number is n K 20.

We present the partial rate coefficients for high electron shells
because their magnitudes are sometimes larger or comparable to
those for lower shells. In Fig. 5, partial rate coefficients aðiÞ are
shown versus the principal quantum number n for shells with var-
ious orbital angular momenta 0 6 ‘ 6 6. The data are given for the
ion W72þ and for the temperature T ¼ 107 K. It is seen that aðiÞ for
shells with large ‘ are at times comparable with values for shells
with smaller ‘ at the specific n and at other times exceed them.
Though rate coefficients usually fall with increasing n, for shells
with large ‘, aðiÞ first increases with n (see the n-dependence of
the g;h, and i shells), so that a number of shells with large n and
‘ contribute considerably to atot, especially at low temperature.
An example of the dependence of the partial recombination rate
coefficients on temperature is displayed in Fig. 6. One can see that
at T K 108 K, að3p3=2Þ and að3d5=2Þ are very close to each other and ex-
ceed að3sÞ for the more inner 3s shell. At T K 105 K, að4f 7=2Þ and að3sÞ

have approximately the same magnitude. As is seen from Table 1,
in the case of W64þ and T ¼ 103 K, the maximum contribution to
atot from the lowest 3d5=2 state is 1:02� 10�10 cm3=s while the con-
tribution of the highest state presented, 12i13=2, is 1:83� 10�11

cm3=s (i.e., 18% of the maximum contribution). The shells
presented in Table 1 contribute from 70% to 99% of the total recom-
bination rate coefficients. In Fig. 7, atot are presented for all tung-
sten ions under consideration.
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4. Conclusions

We have calculated the exact relativistic DF partial and total
radiative recombination rate coefficients including all significant
multipoles and the relativistic factor for a wide temperature range
for nine highly-charged tungsten ions which are of great current
interest and for which data are not available.

For the first time, a new fully relativistic formula for the radia-
tive recombination rate coefficient has been derived in a consistent
way, that is, using relativistic expressions for PCS and for the trans-
formation coefficient between PCS and RRCS as well as the relativ-
istic Maxwell–Boltzmann distribution of continuum electrons
instead of the nonrelativistic one adopted earlier. The formula
has been factorized giving rise to the temperature-dependent rela-
tivistic correction factor for which the usual nonrelativistic expres-
sion for the rate coefficient must be multiplied. This factor has
been naturally absent in all previous calculations and available
databases, even though the rate coefficients have been calculated
at high temperatures up to infinity.

We have shown that a contribution of multipole effects in
recombination rate coefficients for highly-charged ions is signifi-
cant (10–50%) at electron energies of the order of 10 keV and high-
er. Note that the multipole effects are neglected in the majority of
plasmas calculations.
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Explanation of Table
Table 1.
 Radiative recombination rate coefficients.
For each ion:

Second line
 Decimal logarithm of temperature T in K ð1 K ¼ 0:8617� 10�4 eVÞ

Next lines
 Partial rate coefficients aðiÞrelðTÞ in cm3 s�1
Last line
 Total rate coefficients atotðTÞ in cm3 s�1
The decimal order is presented to the right for a recombination rate coefficient value.



Table 1
Radiative recombination rate coefficients. See page 9 for explanation of Table.

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

W28þ

4f 5=2 8.96–11 5.04–11 2.83–11 1.59–11 8.91–12 4.92–12 2.62– 12 1.27–12 5.12–13 1.60–13 3.86–14 7.54–15 1.18–15 1.31–16 8.84–18

4f 7=2 1.17–10 6.58–11 3.70–11 2.08–11 1.16–11 6.42–12 3.42– 12 1.65–12 6.65–13 2.07–13 4.97–14 9.68–15 1.51–15 1.67–16 1.13–17

5s1=2 4.68–12 2.64–12 1.48–12 8.35–13 4.71–13 2.68–13 1.55– 13 9.28–14 5.88–14 3.80–14 2.30–14 1.16–14 4.27–15 9.95–16 1.45–16
5p1=2 4.54–12 2.55–12 1.44–12 8.10–13 4.58–13 2.62–13 1.54– 13 9.69–14 6.55–14 4.34–14 2.38–14 9.67–15 2.69–15 4.66–16 4.90–17
5p3=2 1.25–11 7.05–12 3.97–12 2.23–12 1.26–12 7.17–13 4.16– 13 2.51–13 1.56–13 9.27–14 4.52–14 1.64–14 4.09–15 6.35–16 5.82–17
5d3=2 1.51–11 8.52–12 4.79–12 2.70–12 1.53–12 8.74–13 5.12– 13 3.08–13 1.79–13 8.65–14 3.10–14 8.03–15 1.50–15 1.82–16 1.31–17
5d5=2 2.33–11 1.31–11 7.37–12 4.15–12 2.35–12 1.34–12 7.81– 13 4.65–13 2.65–13 1.25–13 4.38–14 1.11–14 2.03–15 2.45–16 1.74–17
5f 5=2 3.23–11 1.82–11 1.03–11 5.77–12 3.24–12 1.81–12 9.88– 13 5.02–13 2.14–13 6.99–14 1.74–14 3.43–15 5.39–16 5.99–17 4.05–18

5f 7=2 4.29–11 2.42–11 1.36–11 7.65–12 4.30–12 2.40–12 1.31– 12 6.63–13 2.82–13 9.15–14 2.26–14 4.45–15 6.99–16 7.75–17 5.24–18

5g7=2 1.52–11 8.56–12 4.82–12 2.70–12 1.49–12 7.91–13 3.82– 13 1.54–13 4.84–14 1.18–14 2.38–15 4.19–16 6.26–17 6.81–18 4.58–19
5g9=2 1.89–11 1.06–11 5.99–12 3.35–12 1.85–12 9.83–13 4.75– 13 1.91–13 5.99–14 1.46–14 2.94–15 5.18–16 7.74–17 8.42–18 5.66–19
6s1=2 2.37–12 1.33–12 7.51–13 4.24–13 2.39–13 1.36–13 7.85– 14 4.68–14 2.92–14 1.86–14 1.12–14 5.60–15 2.06–15 4.79–16 7.00–17
6p1=2 2.19–12 1.23–12 6.94–13 3.91–13 2.22–13 1.27–13 7.50– 14 4.72–14 3.20–14 2.12–14 1.17–14 4.75–15 1.32–15 2.29–16 2.41–17
6p3=2 6.25–12 3.52–12 1.98–12 1.12–12 6.31–13 3.60–13 2.09– 13 1.26–13 7.85–14 4.65–14 2.27–14 8.23–15 2.06–15 3.19–16 2.92–17
6d3=2 7.09–12 3.99–12 2.25–12 1.27–12 7.19–13 4.14–13 2.46– 13 1.52–13 9.08–14 4.47–14 1.62–14 4.22–15 7.87–16 9.61–17 6.88–18
6d5=2 1.11–11 6.23–12 3.51–12 1.98–12 1.12–12 6.45–13 3.81– 13 2.32–13 1.36–13 6.50–14 2.30–14 5.86–15 1.08–15 1.30–16 9.21–18
6f 5=2 1.69–11 9.53–12 5.37–12 3.03–12 1.70–12 9.60–13 5.34– 13 2.79–13 1.22–13 4.07–14 1.02–14 2.03–15 3.20–16 3.56–17 2.41–18

6f 7=2 2.26–11 1.27–11 7.16–12 4.03–12 2.27–12 1.28–12 7.11– 13 3.70–13 1.61–13 5.34–14 1.33–14 2.64–15 4.15–16 4.61–17 3.12–18

6g7=2 1.50–11 8.46–12 4.76–12 2.67–12 1.48–12 7.86–13 3.82– 13 1.55–13 4.90–14 1.20–14 2.43–15 4.29–16 6.42–17 6.99–18 4.69–19
6g9=2 1.87–11 1.05–11 5.92–12 3.32–12 1.83–12 9.77–13 4.75– 13 1.93–13 6.07–14 1.48–14 3.00–15 5.30–16 7.92–17 8.62–18 5.79–19

6h9=2 4.21–12 2.37–12 1.33–12 7.42–13 4.01–13 2.00–13 8.49– 14 2.80–14 7.11–15 1.49–15 2.77–16 4.72–17 6.97–18 7.56–19 5.07–20
6h11=2 5.05–12 2.84–12 1.60–12 8.90–13 4.80–13 2.40–13 1.02–13 3.36–14 8.52–15 1.78–15 3.32–16 5.66–17 8.35–18 9.05–19 6.07–20
7s1=2 1.41–12 7.96–13 4.48–13 2.53–13 1.43–13 8.12–14 4.69– 14 2.77–14 1.70–14 1.07–14 6.34–15 3.17–15 1.16–15 2.70–16 3.95–17
7p1=2 1.28–12 7.19–13 4.05–13 2.29–13 1.29–13 7.42–14 4.38– 14 2.75–14 1.84–14 1.22–14 6.69–15 2.72–15 7.56–16 1.31–16 1.37–17
7p3=2 3.69–12 2.08–12 1.17–12 6.60–13 3.73–13 2.12–13 1.23– 13 7.41–14 4.58–14 2.70–14 1.31–14 4.76–15 1.19–15 1.84–16 1.69–17

7d3=2 3.95–12 2.22–12 1.25–12 7.08–13 4.03–13 2.33–13 1.40– 13 8.78–14 5.30–14 2.63–14 9.58–15 2.50–15 4.68–16 5.71–17 4.09–18
7d5=2 6.23–12 3.51–12 1.98–12 1.12–12 6.35–13 3.66–13 2.19– 13 1.35–13 7.95–14 3.85–14 1.36–14 3.49–15 6.41–16 7.73–17 5.49–18
7f 5=2 9.85–12 5.55–12 3.13–12 1.76–12 9.97–13 5.66–13 3.20– 13 1.70–13 7.58–14 2.56–14 6.46–15 1.29–15 2.03–16 2.26–17 1.53–18

7f 7=2 1.32–11 7.42–12 4.18–12 2.36–12 1.33–12 7.56–13 4.26– 13 2.26–13 1.00–13 3.35–14 8.43–15 1.67–15 2.64–16 2.93–17 1.98–18

7g7=2 1.18–11 6.64–12 3.74–12 2.10–12 1.16–12 6.21–13 3.04– 13 1.24–13 3.93–14 9.66–15 1.96–15 3.46–16 5.18–17 5.64–18 3.79–19
7g9=2 1.47–11 8.26–12 4.66–12 2.61–12 1.45–12 7.72–13 3.77– 13 1.54–13 4.87–14 1.20–14 2.42–15 4.28–16 6.40–17 6.97–18 4.68–19
7h9=2 5.87–12 3.31–12 1.86–12 1.04–12 5.60–13 2.80–13 1.19– 13 3.92–14 9.96–15 2.08–15 3.88–16 6.61–17 9.75–18 1.06–18 7.09–20
7h11=2 7.04–12 3.97–12 2.23–12 1.24–12 6.71–13 3.36–13 1.42–13 4.70–14 1.19–14 2.49–15 4.64–16 7.91–17 1.17–17 1.27–18 8.49–20
7i11=2 1.87–12 1.05–12 5.92–13 3.27–13 1.72–13 8.09–14 3.05–14 8.71–15 1.96–15 3.80–16 6.85–17 1.15–17 1.69–18 1.83–19 1.23–20
7i13=2 2.18–12 1.23–12 6.90–13 3.81–13 2.01–13 9.42–14 3.56–14 1.02–14 2.28–15 4.43–16 7.98–17 1.34–17 1.97–18 2.14–19 1.43–20
8s1=2 9.23–13 5.20–13 2.93–13 1.65–13 9.35–14 5.32–14 3.06– 14 1.79–14 1.08–14 6.70–15 3.95–15 1.97–15 7.22–16 1.68–16 2.45–17
8p1=2 8.27–13 4.66–13 2.63–13 1.48–13 8.40–14 4.81–14 2.83– 14 1.76–14 1.17–14 7.64–15 4.19–15 1.70–15 4.74–16 8.20–17 8.61–18
8p3=2 2.39–12 1.35–12 7.61–13 4.29–13 2.43–13 1.38–13 8.01– 14 4.77–14 2.92–14 1.71–14 8.30–15 3.00–15 7.49–16 1.16–16 1.06–17
8d3=2 2.45–12 1.38–12 7.79–13 4.41–13 2.51–13 1.46–13 8.82– 14 5.57–14 3.38–14 1.69–14 6.15–15 1.61–15 3.01–16 3.68–17 2.64–18
8d5=2 3.90–12 2.20–12 1.24–12 7.01–13 3.99–13 2.31–13 1.39– 13 8.60–14 5.09–14 2.47–14 8.77–15 2.25–15 4.13–16 4.98–17 3.54–18
8f 5=2 6.20–12 3.49–12 1.97–12 1.11–12 6.31–13 3.61–13 2.06– 13 1.11–13 5.02–14 1.70–14 4.32–15 8.63–16 1.36–16 1.51–17 1.02–18

8f 7=2 8.32–12 4.69–12 2.65–12 1.49–12 8.47–13 4.83–13 2.76– 13 1.48–13 6.63–14 2.24–14 5.64–15 1.12–15 1.77–16 1.98–17 1.33–18

8g7=2 8.86–12 4.99–12 2.82–12 1.58–12 8.76–13 4.70–13 2.31– 13 9.46–14 3.01–14 7.41–15 1.50–15 2.66–16 3.98–17 4.34–18 2.91–19
8g9=2 1.10–11 6.22–12 3.51–12 1.97–12 1.09–12 5.85–13 2.87– 13 1.17–13 3.73–14 9.17–15 1.86–15 3.29–16 4.92–17 5.35–18 3.60–19

8h9=2 5.90–12 3.32–12 1.87–12 1.04–12 5.64–13 2.82–13 1.20– 13 3.95–14 1.00–14 2.10–15 3.90–16 6.65–17 9.82–18 1.06–18 7.14–20
8h11=2 7.07–12 3.98–12 2.24–12 1.25–12 6.76–13 3.38–13 1.43–13 4.73–14 1.20–14 2.51–15 4.67–16 7.96–17 1.18–17 1.27–18 8.55–20
8i11=2 3.11–12 1.75–12 9.85–13 5.44–13 2.87–13 1.35–13 5.09–14 1.45–14 3.25–15 6.32–16 1.14–16 1.92–17 2.82–18 3.05–19 2.05–20
8i13=2 3.62–12 2.04–12 1.15–12 6.34–13 3.34–13 1.57–13 5.93–14 1.69–14 3.79–15 7.37–16 1.33–16 2.23–17 3.29–18 3.56–19 2.38–20
9s1=2 6.41–13 3.61–13 2.04–13 1.15–13 6.51–14 3.70–14 2.12– 14 1.23–14 7.33–15 4.48–15 2.63–15 1.31–15 4.79–16 1.11–16 1.62–17
9p1=2 5.75–13 3.24–13 1.83–13 1.03–13 5.85–14 3.34–14 1.96– 14 1.20–14 7.87–15 5.12–15 2.80–15 1.14–15 3.16–16 5.48–17 5.75–18
9p3=2 1.66–12 9.35–13 5.28–13 2.98–13 1.69–13 9.59–14 5.53– 14 3.27–14 1.98–14 1.15–14 5.58–15 2.02–15 5.03–16 7.79–17 7.13–18

9d3=2 1.64–12 9.23–13 5.22–13 2.95–13 1.68–13 9.80–14 5.96– 14 3.78–14 2.30–14 1.15–14 4.18–15 1.10–15 2.05–16 2.51–17 1.80–18
9d5=2 2.62–12 1.48–12 8.36–13 4.73–13 2.69–13 1.56–13 9.40– 14 5.85–14 3.46–14 1.68–14 5.98–15 1.53–15 2.81–16 3.40–17 2.41–18
9f 5=2 4.15–12 2.34–12 1.32–12 7.48–13 4.25–13 2.44–13 1.41– 13 7.68–14 3.49–14 1.19–14 3.02–15 6.04–16 9.55–17 1.06–17 7.18–19

9f 7=2 5.58–12 3.15–12 1.78–12 1.01–12 5.71–13 3.28–13 1.89– 13 1.02–13 4.61–14 1.56–14 3.95–15 7.86–16 1.24–16 1.38–17 9.33–19
9g7=2 6.66–12 3.76–12 2.12–12 1.19–12 6.62–13 3.56–13 1.75– 13 7.21–14 2.30–14 5.66–15 1.15–15 2.03–16 3.04–17 3.32–18 2.23–19
9g9=2 8.30–12 4.68–12 2.64–12 1.49–12 8.25–13 4.43–13 2.18– 13 8.95–14 2.85–14 7.01–15 1.42–15 2.52–16 3.76–17 4.10–18 2.75–19

9h9=2 5.30–12 2.99–12 1.68–12 9.39–13 5.08–13 2.54–13 1.08– 13 3.56–14 9.03–15 1.89–15 3.51–16 5.99–17 8.83–18 9.58–19 6.43–20
9h11=2 6.35–12 3.58–12 2.02–12 1.13–12 6.09–13 3.05–13 1.29–13 4.26–14 1.08–14 2.26–15 4.21–16 7.17–17 1.06–17 1.15–18 7.69–20
9i11=2 3.55–12 2.00–12 1.13–12 6.25–13 3.29–13 1.55–13 5.84–14 1.66–14 3.73–15 7.25–16 1.31–16 2.20–17 3.23–18 3.50–19 2.35–20
9i13=2 4.14–12 2.34–12 1.32–12 7.28–13 3.84–13 1.80–13 6.81–14 1.94–14 4.35–15 8.45–16 1.52–16 2.56–17 3.77–18 4.08–19 2.73–20
10s1=2 4.66–13 2.62–13 1.48–13 8.38–14 4.74–14 2.69–14 1.54–14 8.85–15 5.20–15 3.15–15 1.84–15 9.12–16 3.34–16 7.76–17 1.13–17
10p1=2 4.20–13 2.37–13 1.34–13 7.57–14 4.28–14 2.44–14 1.42–14 8.62–15 5.58–15 3.60–15 1.97–15 7.97–16 2.22–16 3.84–17 4.03–18
10p3=2 1.21–12 6.81–13 3.85–13 2.17–13 1.23–13 6.97–14 4.00–14 2.35–14 1.41–14 8.13–15 3.93–15 1.42–15 3.54–16 5.49–17 5.02–18
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Table 1 (continued)

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

10d3=2 1.16–12 6.53–13 3.69–13 2.09–13 1.19–13 6.95–14 4.23–14 2.68–14 1.63–14 8.15–15 2.98–15 7.80–16 1.46–16 1.78–17 1.28–18
10d5=2 1.87–12 1.05–12 5.95–13 3.37–13 1.92–13 1.11–13 6.71–14 4.17–14 2.47–14 1.20–14 4.26–15 1.09–15 2.01–16 2.42–17 1.72–18
10f 5=2 2.92–12 1.65–12 9.31–13 5.27–13 3.00–13 1.73–13 1.01–13 5.53–14 2.52–14 8.62–15 2.20–15 4.40–16 6.97–17 7.76–18 5.26–19

10f 7=2 3.93–12 2.22–12 1.25–12 7.11–13 4.04–13 2.33–13 1.35–13 7.36–14 3.34–14 1.13–14 2.87–15 5.72–16 9.01–17 1.00–17 6.77–19
10g7=2 5.08–12 2.87–12 1.62–12 9.11–13 5.06–13 2.73–13 1.35–13 5.55–14 1.77–14 4.37–15 8.88–16 1.57–16 2.35–17 2.56–18 1.72–19
10g9=2 6.34–12 3.57–12 2.02–12 1.14–12 6.32–13 3.40–13 1.68–13 6.89–14 2.19–14 5.41–15 1.10–15 1.94–16 2.91–17 3.16–18 2.13–19

10h9=2 4.55–12 2.57–12 1.45–12 8.09–13 4.38–13 2.19–13 9.30–14 3.06–14 7.77–15 1.62–15 3.02–16 5.15–17 7.60–18 8.23–19 5.53–20
10h11=2 5.46–12 3.08–12 1.74–12 9.70–13 5.25–13 2.63–13 1.11–13 3.67–14 9.31–15 1.94–15 3.62–16 6.16–17 9.10–18 9.86–19 6.62–20
10i11=2 3.53–12 1.99–12 1.12–12 6.22–13 3.28–13 1.54–13 5.81–14 1.66–14 3.71–15 7.21–16 1.30–16 2.19–17 3.22–18 3.48–19 2.33–20
10i13=2 4.12–12 2.32–12 1.31–12 7.25–13 3.82–13 1.80–13 6.78–14 1.93–14 4.33–15 8.41–16 1.51–16 2.55–17 3.75–18 4.05–19 2.72–20
11s1=2 3.50–13 1.98–13 1.12–13 6.32–14 3.57–14 2.03–14 1.15–14 6.58–15 3.82–15 2.30–15 1.34–15 6.62–16 2.42–16 5.62–17 8.20–18
11p1=2 3.19–13 1.80–13 1.02–13 5.75–14 3.25–14 1.84–14 1.06–14 6.39–15 4.09–15 2.63–15 1.43–15 5.80–16 1.61–16 2.79–17 2.93–18
11p3=2 9.11–13 5.14–13 2.91–13 1.64–13 9.28–14 5.25–14 3.00–14 1.74–14 1.04–14 5.96–15 2.88–15 1.04–15 2.59–16 4.01–17 3.67–18

11d3=2 8.54–13 4.82–13 2.73–13 1.55–13 8.83–14 5.14–14 3.13–14 1.98–14 1.20–14 6.00–15 2.19–15 5.74–16 1.07–16 1.31–17 9.40–19
11d5=2 1.38–12 7.79–13 4.41–13 2.50–13 1.43–13 8.27–14 4.97–14 3.08–14 1.82–14 8.83–15 3.14–15 8.05–16 1.48–16 1.79–17 1.27–18
11f 5=2 2.13–12 1.20–12 6.81–13 3.86–13 2.20–13 1.28–13 7.45–14 4.11–14 1.88–14 6.44–15 1.64–15 3.29–16 5.21–17 5.79–18 3.92–19

11f 7=2 2.87–12 1.62–12 9.19–13 5.21–13 2.97–13 1.72–13 1.00–13 5.48–14 2.49–14 8.47–15 2.15–15 4.28–16 6.75–17 7.50–18 5.07–19
11g7=2 3.94–12 2.22–12 1.26–12 7.09–13 3.94–13 2.12–13 1.05–13 4.33–14 1.38–14 3.41–15 6.94–16 1.23–16 1.84–17 2.00–18 1.34–19
11g9=2 4.92–12 2.78–12 1.57–12 8.85–13 4.92–13 2.65–13 1.31–13 5.39–14 1.72–14 4.23–15 8.59–16 1.52–16 2.27–17 2.47–18 1.66–19
11h9=2 3.85–12 2.17–12 1.23–12 6.86–13 3.71–13 1.86–13 7.87–14 2.59–14 6.57–15 1.37–15 2.55–16 4.35–17 6.42–18 6.96–19 4.67–20
11h11=2 4.61–12 2.60–12 1.47–12 8.22–13 4.45–13 2.23–13 9.44–14 3.11–14 7.87–15 1.64–15 3.06–16 5.21–17 7.68–18 8.33–19 5.59–20
11i11=2 3.28–12 1.85–12 1.05–12 5.80–13 3.06–13 1.44–13 5.42–14 1.54–14 3.46–15 6.71–16 1.21–16 2.03–17 2.99–18 3.24–19 2.17–20
11i13=2 3.83–12 2.16–12 1.22–12 6.77–13 3.57–13 1.67–13 6.32–14 1.80–14 4.03–15 7.82–16 1.41–16 2.37–17 3.49–18 3.77–19 2.53–20
12s1=2 2.71–13 1.53–13 8.66–14 4.90–14 2.77–14 1.57–14 8.88–15 5.02–15 2.89–15 1.73–15 1.00–15 4.95–16 1.81–16 4.20–17 6.13–18
12p1=2 2.49–13 1.40–13 7.95–14 4.50–14 2.54–14 1.43–14 8.21–15 4.88–15 3.10–15 1.98–15 1.08–15 4.36–16 1.21–16 2.10–17 2.20–18
12p3=2 7.06–13 3.99–13 2.26–13 1.28–13 7.21–14 4.07–14 2.31–14 1.33–14 7.85–15 4.49–15 2.17–15 7.80–16 1.94–16 3.01–17 2.76–18

12d3=2 6.51–13 3.68–13 2.09–13 1.18–13 6.75–14 3.92–14 2.38–14 1.50–14 9.11–15 4.55–15 1.66–15 4.35–16 8.15–17 9.95–18 7.09–19
12d5=2 1.06–12 5.97–13 3.38–13 1.92–13 1.09–13 6.33–14 3.79–14 2.34–14 1.38–14 6.69–15 2.38–15 6.10–16 1.12–16 1.35–17 9.58–19
12f 5=2 1.60–12 9.07–13 5.14–13 2.92–13 1.67–13 9.68–14 5.67–14 3.14–14 1.44–14 4.94–15 1.26–15 2.53–16 4.00–17 4.47–18 3.01–19

12f 7=2 2.17–12 1.23–12 6.96–13 3.95–13 2.25–13 1.31–13 7.62–14 4.19–14 1.91–14 6.49–15 1.65–15 3.29–16 5.20–17 5.79–18 3.92–19

12g7=2 3.10–12 1.75–12 9.94–13 5.60–13 3.12–13 1.68–13 8.32–14 3.43–14 1.10–14 2.71–15 5.51–16 9.92–17 1.46–17 1.59–18 1.07–19
12g9=2 3.88–12 2.19–12 1.24–12 7.01–13 3.90–13 2.10–13 1.04–13 4.27–14 1.36–14 3.36–15 6.91–16 1.26–16 1.95–17 2.18–18 1.48–19

12h9=2 3.23–12 1.83–12 1.03–12 5.78–13 3.13–13 1.56–13 6.63–14 2.18–14 5.52–15 1.15–15 2.14–16 3.65–17 5.39–18 5.84–19 3.92–20
12h11=2 3.88–12 2.19–12 1.24–12 6.94–13 3.75–13 1.88–13 7.95–14 2.61–14 6.61–15 1.38–15 2.57–16 4.37–17 6.45–18 7.00–19 4.69–20
12i11=2 2.95–12 1.67–12 9.43–13 5.23–13 2.76–13 1.29–13 4.88–14 1.39–14 3.11–15 6.04–16 1.09–16 1.83–17 2.69–18 2.91–19 1.95–20
12i13=2 3.44–12 1.95–12 1.10–12 6.10–13 3.22–13 1.51–13 5.69–14 1.62–14 3.63–15 7.04–16 1.27–16 2.13–17 3.14–18 3.39–19 2.28–20
total 1.04–09 5.88–10 3.32–10 1.85–10 1.01–10 5.32–11 2.65–11 1.24–11 5.31–12 2.01–12 6.64–13 1.88–13 4.32–14 6.95–15 7.36–16

W38þ

4d3=2 7.32–11 4.12–11 2.32–11 1.30–11 7.33–12 4.12–12 2.30–12 1.27–12 6.56–13 2.91–13 1.00–13 2.57–14 4.78–15 5.84–16 4.18–17
4d5=2 1.07–10 6.02–11 3.38–11 1.90–11 1.07–11 6.01–12 3.36–12 1.84–12 9.43–13 4.12–13 1.39–13 3.50–14 6.41–15 7.73–16 5.50–17
4f 5=2 7.68–11 4.32–11 2.43–11 1.36–11 7.64–12 4.23–12 2.27–12 1.12–12 4.69–13 1.54–13 3.88–14 7.76–15 1.23–15 1.37–16 9.28–18

4f 7=2 1.00–10 5.64–11 3.17–11 1.78–11 9.97–12 5.52–12 2.96–12 1.46–12 6.09–13 1.99–13 4.99–14 9.96–15 1.57–15 1.75–16 1.19–17
5s1=2 8.24–12 4.63–12 2.61–12 1.47–12 8.26–13 4.67–13 2.66–13 1.54–13 9.21–14 5.58–14 3.21–14 1.58–14 5.77–15 1.34–15 1.96–16
5p1=2 9.19–12 5.17–12 2.91–12 1.64–12 9.23–13 5.23–13 3.00–13 1.78–13 1.09–13 6.55–14 3.40–14 1.35–14 3.73–15 6.45–16 6.78–17
5p3=2 2.32–11 1.30–11 7.34–12 4.13–12 2.33–12 1.31–12 7.47–13 4.31–13 2.50–13 1.38–13 6.46–14 2.30–14 5.72–15 8.88–16 8.14–17
5d3=2 3.02–11 1.70–11 9.56–12 5.38–12 3.03–12 1.71–12 9.63–13 5.40–13 2.87–13 1.31–13 4.57–14 1.18–14 2.21–15 2.70–16 1.94–17
5d5=2 4.51–11 2.54–11 1.43–11 8.04–12 4.52–12 2.55–12 1.43–12 7.99–13 4.20–13 1.87–13 6.43–14 1.63–14 3.00–15 3.62–16 2.58–17
5f 5=2 4.51–11 2.54–11 1.43–11 8.03–12 4.50–12 2.50–12 1.35–12 6.77–13 2.89–13 9.66–14 2.46–14 4.96–15 7.88–16 8.79–17 5.96–18

5f 7=2 5.94–11 3.34–11 1.88–11 1.06–11 5.92–12 3.29–12 1.77–12 8.89–13 3.79–13 1.26–13 3.19–14 6.40–15 1.01–15 1.13–16 7.65–18

5g7=2 2.16–11 1.21–11 6.83–12 3.83–12 2.13–12 1.15–12 5.81–13 2.52–13 8.57–14 2.23–14 4.70–15 8.46–16 1.27–16 1.39–17 9.35–19
5g9=2 2.67–11 1.50–11 8.46–12 4.75–12 2.64–12 1.43–12 7.19–13 3.11–13 1.06–13 2.76–14 5.80–15 1.04–15 1.57–16 1.71–17 1.15–18
6s1=2 4.52–12 2.54–12 1.43–12 8.06–13 4.54–13 2.57–13 1.46–13 8.46–14 5.01–14 2.99–14 1.70–14 8.32–15 3.03–15 7.02–16 1.02–16
6p1=2 4.82–12 2.71–12 1.53–12 8.61–13 4.86–13 2.75–13 1.59–13 9.42–14 5.79–14 3.49–14 1.81–14 7.18–15 1.99–15 3.43–16 3.60–17
6p3=2 1.26–11 7.12–12 4.01–12 2.25–12 1.27–12 7.18–13 4.09–13 2.36–13 1.37–13 7.50–14 3.50–14 1.25–14 3.09–15 4.80–16 4.39–17

6d3=2 1.61–11 9.09–12 5.11–12 2.88–12 1.62–12 9.16–13 5.20–13 2.94–13 1.58–13 7.26–14 2.56–14 6.64–15 1.24–15 1.52–16 1.09–17
6d5=2 2.44–11 1.37–11 7.72–12 4.34–12 2.45–12 1.38–12 7.81–13 4.39–13 2.33–13 1.05–13 3.61–14 9.19–15 1.69–15 2.04–16 1.45–17
6f 5=2 2.78–11 1.57–11 8.82–12 4.96–12 2.78–12 1.55–12 8.41–13 4.26–13 1.84–13 6.19–14 1.59–14 3.20–15 5.09–16 5.68–17 3.85–18

6f 7=2 3.68–11 2.07–11 1.17–11 6.55–12 3.67–12 2.04–12 1.11–12 5.60–13 2.41–13 8.06–14 2.06–14 4.13–15 6.56–16 7.31–17 4.95–18

6g7=2 2.21–11 1.24–11 7.00–12 3.93–12 2.18–12 1.18–12 5.98–13 2.60–13 8.88–14 2.32–14 4.90–15 8.83–16 1.33–16 1.45–17 9.77–19
6g9=2 2.74–11 1.54–11 8.68–12 4.87–12 2.71–12 1.47–12 7.41–13 3.22–13 1.10–13 2.87–14 6.05–15 1.09–15 1.64–16 1.79–17 1.20–18
6h9=2 7.73–12 4.35–12 2.45–12 1.37–12 7.51–13 3.94–13 1.84–13 6.94–14 1.99–14 4.49–15 8.66–16 1.50–16 2.22–17 2.41–18 1.62–19
6h11=2 9.24–12 5.20–12 2.92–12 1.64–12 8.99–13 4.71–13 2.20–13 8.29–14 2.38–14 5.36–15 1.03–15 1.79–16 2.65–17 2.87–18 1.93–19
7s1=2 2.81–12 1.58–12 8.89–13 5.01–13 2.82–13 1.60–13 9.08–14 5.24–14 3.06–14 1.80–14 1.02–14 4.93–15 1.79–15 4.14–16 6.03–17
7p1=2 2.91–12 1.64–12 9.23–13 5.20–13 2.93–13 1.67–13 9.61–14 5.71–14 3.49–14 2.09–14 1.08–14 4.29–15 1.18–15 2.04–16 2.15–17
7p3=2 7.81–12 4.39–12 2.47–12 1.39–12 7.85–13 4.44–13 2.52–13 1.45–13 8.36–14 4.56–14 2.12–14 7.51–15 1.86–15 2.89–16 2.64–17

(continued on next page)
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Table 1 (continued)

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

7d3=2 9.74–12 5.48–12 3.09–12 1.74–12 9.80–13 5.55–13 3.16–13 1.80–13 9.71–14 4.47–14 1.58–14 4.09–15 7.66–16 9.38–17 6.73–18
7d5=2 1.48–11 8.33–12 4.69–12 2.64–12 1.49–12 8.42–13 4.78–13 2.70–13 1.44–13 6.47–14 2.23–14 5.68–15 1.05–15 1.26–16 9.00–18
7f 5=2 1.81–11 1.02–11 5.72–12 3.22–12 1.81–12 1.01–12 5.50–13 2.80–13 1.22–13 4.11–14 1.06–14 2.13–15 3.39–16 3.79–17 2.57–18

7f 7=2 2.39–11 1.35–11 7.58–12 4.27–12 2.39–12 1.33–12 7.27–13 3.69–13 1.60–13 5.36–14 1.37–14 2.76–15 4.38–16 4.88–17 3.30–18
7g7=2 1.81–11 1.02–11 5.75–12 3.22–12 1.79–12 9.72–13 4.93–13 2.15–13 7.35–14 1.93–14 4.07–15 7.33–16 1.10–16 1.21–17 8.11–19
7g9=2 2.25–11 1.27–11 7.13–12 4.00–12 2.23–12 1.21–12 6.11–13 2.66–13 9.10–14 2.38–14 5.02–15 9.04–16 1.36–16 1.49–17 1.00–18

7h9=2 1.07–11 6.02–12 3.39–12 1.89–12 1.04–12 5.46–13 2.55–13 9.62–14 2.76–14 6.23–15 1.20–15 2.07–16 3.08–17 3.34–18 2.24–19
7h11=2 1.28–11 7.20–12 4.05–12 2.27–12 1.24–12 6.53–13 3.05–13 1.15–13 3.30–14 7.43–15 1.43–15 2.48–16 3.67–17 3.98–18 2.67–19
7i11=2 3.51–12 1.98–12 1.11–12 6.19–13 3.35–13 1.69–13 7.27–14 2.41–14 6.08–15 1.26–15 2.32–16 3.94–17 5.81–18 6.30–19 4.23–20
7i13=2 4.09–12 2.30–12 1.29–12 7.21–13 3.91–13 1.97–13 8.46–14 2.81–14 7.07–15 1.46–15 2.70–16 4.59–17 6.76–18 7.33–19 4.92–20
8s1=2 1.88–12 1.06–12 5.97–13 3.36–13 1.90–13 1.07–13 6.09–14 3.49–14 2.02–14 1.17–14 6.54–15 3.16–15 1.15–15 2.65–16 3.85–17
8p1=2 1.92–12 1.08–12 6.09–13 3.43–13 1.94–13 1.10–13 6.34–14 3.75–14 2.28–14 1.36–14 6.99–15 2.76–15 7.62–16 1.32–16 1.38–17
8p3=2 5.22–12 2.94–12 1.66–12 9.32–13 5.25–13 2.97–13 1.69–13 9.65–14 5.51–14 2.98–14 1.38–14 4.88–15 1.21–15 1.87–16 1.71–17

8d3=2 6.37–12 3.59–12 2.02–12 1.14–12 6.43–13 3.64–13 2.08–13 1.18–13 6.41–14 2.95–14 1.04–14 2.70–15 5.06–16 6.19–17 4.45–18
8d5=2 9.74–12 5.48–12 3.09–12 1.74–12 9.82–13 5.55–13 3.16–13 1.78–13 9.50–14 4.28–14 1.48–14 3.76–15 6.91–16 8.36–17 5.95–18
8f 5=2 1.23–11 6.93–12 3.91–12 2.20–12 1.23–12 6.89–13 3.77–13 1.93–13 8.39–14 2.84–14 7.31–15 1.48–15 2.35–16 2.62–17 1.78–18

8f 7=2 1.63–11 9.20–12 5.18–12 2.92–12 1.64–12 9.14–13 4.99–13 2.55–13 1.10–13 3.71–14 9.49–15 1.91–15 3.03–16 3.38–17 2.29–18
8g7=2 1.41–11 7.96–12 4.49–12 2.52–12 1.40–12 7.60–13 3.86–13 1.68–13 5.77–14 1.51–14 3.19–15 5.75–16 8.67–17 9.47–18 6.37–19
8g9=2 1.76–11 9.90–12 5.58–12 3.13–12 1.74–12 9.45–13 4.79–13 2.09–13 7.15–14 1.87–14 3.95–15 7.11–16 1.07–16 1.17–17 7.86–19
8h9=2 1.07–11 6.02–12 3.39–12 1.90–12 1.04–12 5.47–13 2.56–13 9.64–14 2.76–14 6.24–15 1.20–15 2.08–16 3.08–17 3.34–18 2.24–19
8h11=2 1.28–11 7.21–12 4.05–12 2.27–12 1.25–12 6.54–13 3.06–13 1.15–13 3.30–14 7.45–15 1.44–15 2.48–16 3.68–17 3.99–18 2.68–19
8i11=2 5.83–12 3.28–12 1.84–12 1.03–12 5.57–13 2.81–13 1.21–13 4.01–14 1.01–14 2.09–15 3.85–16 6.55–17 9.65–18 1.05–18 7.01–20
8i13=2 6.78–12 3.82–12 2.15–12 1.20–12 6.49–13 3.27–13 1.41–13 4.66–14 1.17–14 2.43–15 4.48–16 7.62–17 1.12–17 1.22–18 8.16–20
9s1=2 1.34–12 7.52–13 4.24–13 2.39–13 1.35–13 7.60–14 4.31–14 2.45–14 1.40–14 8.04–15 4.46–15 2.15–15 7.77–16 1.80–16 2.61–17
9p1=2 1.35–12 7.58–13 4.27–13 2.41–13 1.36–13 7.71–14 4.44–14 2.61–14 1.58–14 9.29–15 4.78–15 1.88–15 5.20–16 8.98–17 9.42–18
9p3=2 3.69–12 2.08–12 1.17–12 6.61–13 3.72–13 2.10–13 1.19–13 6.77–14 3.83–14 2.06–14 9.47–15 3.34–15 8.28–16 1.28–16 1.17–17

9d3=2 4.43–12 2.49–12 1.41–12 7.92–13 4.47–13 2.53–13 1.45–13 8.25–14 4.45–14 2.05–14 7.22–15 1.87–15 3.51–16 4.30–17 3.08–18
9d5=2 6.80–12 3.83–12 2.16–12 1.22–12 6.86–13 3.88–13 2.21–13 1.25–13 6.62–14 2.98–14 1.03–14 2.61–15 4.80–16 5.81–17 4.13–18
9f 5=2 8.76–12 4.93–12 2.78–12 1.57–12 8.80–13 4.92–13 2.69–13 1.38–13 6.01–14 2.04–14 5.24–15 1.06–15 1.69–16 1.89–17 1.28–18

9f 7=2 1.16–11 6.56–12 3.70–12 2.08–12 1.17–12 6.53–13 3.58–13 1.82–13 7.91–14 2.66–14 6.81–15 1.37–15 2.18–16 2.43–17 1.64–18

9g7=2 1.10–11 6.18–12 3.48–12 1.96–12 1.09–12 5.91–13 3.00–13 1.31–13 4.49–14 1.18–14 2.48–15 4.48–16 6.75–17 7.36–18 4.95–19
9g9=2 1.37–11 7.69–12 4.34–12 2.43–12 1.35–12 7.35–13 3.73–13 1.63–13 5.56–14 1.46–14 3.07–15 5.53–16 8.34–17 9.10–18 6.12–19

9h9=2 9.60–12 5.40–12 3.04–12 1.70–12 9.37–13 4.91–13 2.30–13 8.66–14 2.48–14 5.60–15 1.08–15 1.86–16 2.76–17 3.00–18 2.01–19
9h11=2 1.15–11 6.47–12 3.64–12 2.04–12 1.12–12 5.88–13 2.75–13 1.04–13 2.97–14 6.68–15 1.29–15 2.22–16 3.30–17 3.58–18 2.40–19
9i11=2 6.67–12 3.76–12 2.11–12 1.18–12 6.39–13 3.22–13 1.38–13 4.59–14 1.16–14 2.39–15 4.41–16 7.49–17 1.10–17 1.20–18 8.03–20
9i13=2 7.77–12 4.37–12 2.46–12 1.37–12 7.44–13 3.75–13 1.61–13 5.35–14 1.35–14 2.78–15 5.13–16 8.72–17 1.29–17 1.39–18 9.34–20
10s1=2 9.86–13 5.55–13 3.13–13 1.77–13 9.95–14 5.62–14 3.18–14 1.80–14 1.01–14 5.76–15 3.18–15 1.53–15 5.51–16 1.27–16 1.85–17
10p1=2 9.88–13 5.56–13 3.14–13 1.77–13 9.99–14 5.66–14 3.25–14 1.90–14 1.14–14 6.65–15 3.41–15 1.34–15 3.70–16 6.38–17 6.70–18
10p3=2 2.73–12 1.54–12 8.66–13 4.88–13 2.75–13 1.55–13 8.76–14 4.95–14 2.77–14 1.48–14 6.79–15 2.39–15 5.92–16 9.16–17 8.38–18
10d3=2 3.22–12 1.81–12 1.02–12 5.76–13 3.25–13 1.84–13 1.05–13 5.99–14 3.23–14 1.48–14 5.21–15 1.35–15 2.53–16 3.10–17 2.22–18
10d5=2 4.96–12 2.79–12 1.57–12 8.88–13 5.01–13 2.83–13 1.61–13 9.07–14 4.80–14 2.16–14 7.42–15 1.89–15 3.47–16 4.20–17 2.99–18
10f 5=2 6.46–12 3.64–12 2.05–12 1.16–12 6.50–13 3.63–13 1.99–13 1.02–13 4.45–14 1.51–14 3.88–15 7.84–16 1.25–16 1.39–17 9.45–19

10f 7=2 8.60–12 4.85–12 2.73–12 1.54–12 8.66–13 4.84–13 2.65–13 1.35–13 5.86–14 1.97–14 5.04–15 1.02–15 1.61–16 1.80–17 1.22–18

10g7=2 8.58–12 4.84–12 2.73–12 1.53–12 8.53–13 4.63–13 2.35–13 1.03–13 3.51–14 9.20–15 1.94–15 3.50–16 5.28–17 5.76–18 3.88–19
10g9=2 1.07–11 6.02–12 3.40–12 1.91–12 1.06–12 5.76–13 2.93–13 1.27–13 4.36–14 1.14–14 2.40–15 4.33–16 6.52–17 7.12–18 4.79–19

10h9=2 8.25–12 4.65–12 2.62–12 1.47–12 8.06–13 4.23–13 1.98–13 7.45–14 2.13–14 4.80–15 9.26–16 1.60–16 2.37–17 2.57–18 1.73–19
10h11=2 9.87–12 5.56–12 3.13–12 1.76–12 9.66–13 5.06–13 2.37–13 8.91–14 2.55–14 5.74–15 1.11–15 1.91–16 2.83–17 3.07–18 2.06–19
10i11=2 6.63–12 3.73–12 2.10–12 1.17–12 6.35–13 3.21–13 1.38–13 4.56–14 1.15–14 2.37–15 4.38–16 7.44–17 1.10–17 1.19–18 7.98–20
10i13=2 7.72–12 4.35–12 2.45–12 1.37–12 7.40–13 3.73–13 1.60–13 5.32–14 1.34–14 2.76–15 5.10–16 8.66–17 1.28–17 1.38–18 9.28–20
11s1=2 7.52–13 4.24–13 2.39–13 1.35–13 7.60–14 4.28–14 2.41–14 1.35–14 7.58–15 4.27–15 2.34–15 1.12–15 4.05–16 9.35–17 1.36–17
11p1=2 7.50–13 4.23–13 2.39–13 1.35–13 7.60–14 4.30–14 2.46–14 1.43–14 8.46–15 4.93–15 2.52–15 9.90–16 2.73–16 4.70–17 4.92–18
11p3=2 2.08–12 1.17–12 6.61–13 3.73–13 2.10–13 1.18–13 6.65–14 3.73–14 2.08–14 1.10–14 5.03–15 1.77–15 4.38–16 6.77–17 6.20–18

11d3=2 2.42–12 1.36–12 7.69–13 4.34–13 2.45–13 1.39–13 7.92–14 4.49–14 2.41–14 1.10–14 3.88–15 1.01–15 1.89–16 2.31–17 1.65–18
11d5=2 3.74–12 2.11–12 1.19–12 6.71–13 3.79–13 2.14–13 1.21–13 6.82–14 3.60–14 1.61–14 5.54–15 1.41–15 2.59–16 3.13–17 2.23–18
11f 5=2 4.90–12 2.76–12 1.56–12 8.79–13 4.95–13 2.77–13 1.52–13 7.76–14 3.38–14 1.14–14 2.94–15 5.97–16 9.54–17 1.07–17 7.28–19

11f 7=2 6.54–12 3.69–12 2.08–12 1.17–12 6.60–13 3.69–13 2.02–13 1.03–13 4.45–14 1.50–14 3.83–15 7.71–16 1.22–16 1.36–17 9.21–19
11g7=2 6.80–12 3.83–12 2.16–12 1.22–12 6.77–13 3.67–13 1.86–13 8.13–14 2.78–14 7.28–15 1.54–15 2.77–16 4.17–17 4.55–18 3.06–19
11g9=2 8.47–12 4.77–12 2.69–12 1.51–12 8.43–13 4.58–13 2.32–13 1.01–13 3.45–14 9.01–15 1.90–15 3.42–16 5.16–17 5.63–18 3.79–19
11h9=2 6.97–12 3.93–12 2.22–12 1.24–12 6.83–13 3.58–13 1.67–13 6.30–14 1.80–14 4.05–15 7.81–16 1.35–16 2.00–17 2.17–18 1.46–19
11h11=2 8.35–12 4.71–12 2.65–12 1.49–12 8.18–13 4.29–13 2.00–13 7.53–14 2.15–14 4.84–15 9.33–16 1.61–16 2.39–17 2.59–18 1.74–19
11i11=2 6.17–12 3.48–12 1.96–12 1.09–12 5.92–13 2.99–13 1.28–13 4.25–14 1.07–14 2.21–15 4.07–16 6.92–17 1.02–17 1.10–18 7.41–20
11i13=2 7.19–12 4.05–12 2.28–12 1.27–12 6.90–13 3.48–13 1.49–13 4.95–14 1.24–14 2.57–15 4.74–16 8.05–17 1.19–17 1.29–18 8.63–20
12s1=2 5.89–13 3.32–13 1.87–13 1.06–13 5.95–14 3.35–14 1.88–14 1.05–14 5.81–15 3.25–15 1.77–15 8.49–16 3.06–16 7.06–17 1.03–17
12p1=2 5.86–13 3.31–13 1.87–13 1.05–13 5.94–14 3.36–14 1.91–14 1.10–14 6.47–15 3.75–15 1.91–15 7.52–16 2.07–16 3.57–17 3.73–18
12p3=2 1.63–12 9.18–13 5.19–13 2.93–13 1.65–13 9.25–14 5.18–14 2.89–14 1.59–14 8.39–15 3.82–15 1.35–15 3.32–16 5.14–17 4.70–18
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Table 1 (continued)

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

12d3=2 1.87–12 1.06–12 5.96–13 3.37–13 1.90–13 1.08–13 6.12–14 3.46–14 1.85–14 8.45–15 2.97–15 7.70–16 1.44–16 1.76–17 1.26–18
12d5=2 2.90–12 1.64–12 9.24–13 5.22–13 2.94–13 1.66–13 9.40–14 5.26–14 2.76–14 1.23–14 4.24–15 1.08–15 1.98–16 2.40–17 1.70–18
12f 5=2 3.82–12 2.15–12 1.22–12 6.86–13 3.86–13 2.16–13 1.18–13 6.04–14 2.62–14 8.87–15 2.28–15 4.61–16 7.35–17 8.20–18 5.56–19

12f 7=2 5.10–12 2.87–12 1.62–12 9.16–13 5.15–13 2.88–13 1.57–13 8.01–14 3.46–14 1.16–14 2.97–15 5.99–16 9.52–17 1.06–17 7.18–19
12g7=2 5.46–12 3.08–12 1.74–12 9.78–13 5.44–13 2.95–13 1.50–13 6.52–14 2.23–14 5.82–15 1.23–15 2.24–16 3.38–17 3.70–18 2.49–19
12g9=2 6.81–12 3.84–12 2.17–12 1.22–12 6.78–13 3.68–13 1.86–13 8.10–14 2.76–14 7.22–15 1.52–15 2.74–16 4.14–17 4.52–18 3.04–19

12h9=2 5.87–12 3.31–12 1.87–12 1.05–12 5.76–13 3.02–13 1.41–13 5.29–14 1.51–14 3.40–15 6.55–16 1.13–16 1.68–17 1.82–18 1.22–19
12h11=2 7.03–12 3.97–12 2.24–12 1.25–12 6.90–13 3.62–13 1.69–13 6.33–14 1.81–14 4.07–15 7.83–16 1.35–16 2.00–17 2.18–18 1.46–19
12i11=2 5.55–12 3.13–12 1.77–12 9.85–13 5.34–13 2.69–13 1.15–13 3.82–14 9.61–15 1.98–15 3.66–16 6.22–17 9.16–18 9.93–19 6.66–20
12i13=2 6.47–12 3.65–12 2.06–12 1.15–12 6.22–13 3.14–13 1.35–13 4.45–14 1.12–14 2.31–15 4.26–16 7.24–17 1.07–17 1.16–18 7.76–20
total 1.89–09 1.06–09 5.99–10 3.35–10 1.85–10 9.87–11 5.00–11 2.35–11 1.01–11 3.85–12 1.27–12 3.49–13 7.68–14 1.18–14 1.20–15

W46þ

4s1=2 2.38–11 1.34–11 7.51–12 4.23–12 2.38–12 1.34–12 7.58–13 4.34–13 2.53–13 1.49–13 8.50–14 4.17–14 1.52–14 3.55–15 5.20–16
4p1=2 3.00–11 1.69–11 9.49–12 5.34–12 3.00–12 1.69–12 9.59–13 5.50–13 3.19–13 1.82–13 9.13–14 3.58–14 9.87–15 1.71–15 1.80–16
4p3=2 6.75–11 3.80–11 2.14–11 1.20–11 6.76–12 3.80–12 2.14–12 1.21–12 6.80–13 3.63–13 1.67–13 5.94–14 1.48–14 2.30–15 2.12–16
4d3=2 8.06–11 4.53–11 2.55–11 1.43–11 8.05–12 4.52–12 2.52–12 1.37–12 7.04–13 3.11–13 1.08–13 2.79–14 5.24–15 6.43–16 4.62–17
4d5=2 1.17–10 6.58–11 3.70–11 2.08–11 1.17–11 6.55–12 3.65–12 1.98–12 1.01–12 4.40–13 1.50–13 3.81–14 7.02–15 8.51–16 6.07–17
4f 5=2 6.64–11 3.74–11 2.10–11 1.18–11 6.61–12 3.67–12 1.98–12 9.94–13 4.29–13 1.46–13 3.80–14 7.77–15 1.24–15 1.39–16 9.44–18

4f 7=2 8.65–11 4.86–11 2.74–11 1.54–11 8.61–12 4.77–12 2.58–12 1.29–12 5.55–13 1.88–13 4.88–14 9.94–15 1.59–15 1.77–16 1.20–17

5s1=2 1.16–11 6.54–12 3.68–12 2.07–12 1.17–12 6.57–13 3.72–13 2.13–13 1.24–13 7.22–14 4.05–14 1.96–14 7.13–15 1.65–15 2.41–16
5p1=2 1.38–11 7.79–12 4.38–12 2.47–12 1.39–12 7.84–13 4.45–13 2.57–13 1.50–13 8.60–14 4.33–14 1.70–14 4.67–15 8.08–16 8.51–17
5p3=2 3.31–11 1.86–11 1.05–11 5.89–12 3.31–12 1.87–12 1.05–12 5.96–13 3.35–13 1.78–13 8.17–14 2.89–14 7.19–15 1.12–15 1.03–16

5d3=2 4.08–11 2.29–11 1.29–11 7.26–12 4.08–12 2.29–12 1.28–12 7.04–13 3.64–13 1.62–13 5.66–14 1.47–14 2.76–15 3.39–16 2.44–17
5d5=2 6.00–11 3.37–11 1.90–11 1.07–11 6.00–12 3.37–12 1.88–12 1.03–12 5.27–13 2.31–13 7.92–14 2.02–14 3.73–15 4.52–16 3.22–17
5f 5=2 4.99–11 2.81–11 1.58–11 8.88–12 4.97–12 2.76–12 1.49–12 7.53–13 3.26–13 1.11–13 2.91–14 5.97–15 9.56–16 1.07–16 7.26–18

5f 7=2 6.53–11 3.67–11 2.07–11 1.16–11 6.51–12 3.61–12 1.95–12 9.83–13 4.24–13 1.44–13 3.75–14 7.65–15 1.22–15 1.37–16 9.27–18

5g7=2 2.23–11 1.25–11 7.05–12 3.95–12 2.20–12 1.20–12 6.19–13 2.79–13 1.00–13 2.75–14 5.99–15 1.10–15 1.66–16 1.82–17 1.22–18
5g9=2 2.76–11 1.55–11 8.74–12 4.90–12 2.73–12 1.49–12 7.66–13 3.45–13 1.24–13 3.39–14 7.38–15 1.35–15 2.05–16 2.24–17 1.51–18
6s1=2 6.70–12 3.77–12 2.12–12 1.19–12 6.72–13 3.79–13 2.15–13 1.23–13 7.08–14 4.07–14 2.25–14 1.08–14 3.90–15 9.03–16 1.32–16
6p1=2 7.68–12 4.32–12 2.43–12 1.37–12 7.71–13 4.36–13 2.48–13 1.44–13 8.42–14 4.80–14 2.41–14 9.40–15 2.59–15 4.47–16 4.70–17
6p3=2 1.90–11 1.07–11 6.03–12 3.39–12 1.91–12 1.08–12 6.07–13 3.44–13 1.92–13 1.02–13 4.62–14 1.63–14 4.04–15 6.26–16 5.75–17

6d3=2 2.35–11 1.32–11 7.45–12 4.19–12 2.36–12 1.33–12 7.43–13 4.10–13 2.13–13 9.50–14 3.32–14 8.62–15 1.62–15 1.99–16 1.43–17
6d5=2 3.49–11 1.97–11 1.11–11 6.22–12 3.50–12 1.96–12 1.10–12 6.04–13 3.10–13 1.36–13 4.66–14 1.19–14 2.19–15 2.66–16 1.90–17
6f 5=2 3.41–11 1.92–11 1.08–11 6.06–12 3.40–12 1.89–12 1.02–12 5.17–13 2.25–13 7.68–14 2.01–14 4.11–15 6.59–16 7.38–17 5.01–18

6f 7=2 4.47–11 2.52–11 1.42–11 7.96–12 4.46–12 2.48–12 1.34–12 6.77–13 2.93–13 9.96–14 2.59–14 5.29–15 8.45–16 9.45–17 6.41–18
6g7=2 2.50–11 1.41–11 7.91–12 4.44–12 2.47–12 1.35–12 6.95–13 3.14–13 1.13–13 3.09–14 6.73–15 1.23–15 1.87–16 2.04–17 1.38–18
6g9=2 3.10–11 1.74–11 9.81–12 5.51–12 3.07–12 1.67–12 8.62–13 3.89–13 1.39–13 3.82–14 8.31–15 1.52–15 2.30–16 2.52–17 1.70–18
6h9=2 1.02–11 5.72–12 3.21–12 1.80–12 9.96–13 5.32–13 2.59–13 1.04–13 3.22–14 7.63–15 1.51–15 2.64–16 3.92–17 4.26–18 2.86–19
6h11=2 1.21–11 6.83–12 3.84–12 2.15–12 1.19–12 6.34–13 3.09–13 1.25–13 3.83–14 9.09–15 1.80–15 3.14–16 4.67–17 5.08–18 3.41–19
7s1=2 4.27–12 2.40–12 1.35–12 7.62–13 4.29–13 2.42–13 1.37–13 7.80–14 4.46–14 2.53–14 1.38–14 6.58–15 2.37–15 5.47–16 7.95–17
7p1=2 4.77–12 2.68–12 1.51–12 8.51–13 4.79–13 2.71–13 1.54–13 8.93–14 5.23–14 2.96–14 1.48–14 5.75–15 1.58–15 2.73–16 2.86–17
7p3=2 1.21–11 6.82–12 3.84–12 2.16–12 1.22–12 6.85–13 3.86–13 2.18–13 1.21–13 6.35–14 2.87–14 1.01–14 2.49–15 3.85–16 3.54–17
7d3=2 1.49–11 8.37–12 4.71–12 2.65–12 1.49–12 8.40–13 4.71–13 2.61–13 1.35–13 6.04–14 2.10–14 5.47–15 1.03–15 1.26–16 9.07–18
7d5=2 2.22–11 1.25–11 7.04–12 3.96–12 2.23–12 1.25–12 7.01–13 3.86–13 1.98–13 8.69–14 2.97–14 7.56–15 1.39–15 1.69–16 1.21–17
7f 5=2 2.35–11 1.32–11 7.45–12 4.19–12 2.35–12 1.31–12 7.09–13 3.59–13 1.56–13 5.33–14 1.39–14 2.85–15 4.57–16 5.12–17 3.47–18

7f 7=2 3.10–11 1.74–11 9.82–12 5.52–12 3.09–12 1.72–12 9.32–13 4.71–13 2.04–13 6.93–14 1.80–14 3.67–15 5.87–16 6.56–17 4.45–18
7g7=2 2.17–11 1.22–11 6.87–12 3.86–12 2.15–12 1.17–12 6.05–13 2.73–13 9.79–14 2.68–14 5.84–15 1.07–15 1.62–16 1.77–17 1.19–18
7g9=2 2.70–11 1.52–11 8.53–12 4.79–12 2.67–12 1.46–12 7.50–13 3.38–13 1.21–13 3.32–14 7.21–15 1.32–15 2.00–16 2.19–17 1.47–18

7h9=2 1.41–11 7.96–12 4.48–12 2.51–12 1.39–12 7.41–13 3.61–13 1.46–13 4.48–14 1.06–14 2.10–15 3.67–16 5.46–17 5.94–18 3.99–19
7h11=2 1.69–11 9.52–12 5.35–12 3.00–12 1.66–12 8.85–13 4.31–13 1.74–13 5.35–14 1.27–14 2.51–15 4.38–16 6.51–17 7.08–18 4.75–19
7i11=2 5.09–12 2.86–12 1.61–12 8.99–13 4.93–13 2.56–13 1.17–13 4.25–14 1.16–14 2.52–15 4.74–16 8.12–17 1.20–17 1.30–18 8.73–20
7i13=2 5.91–12 3.33–12 1.87–12 1.04–12 5.72–13 2.98–13 1.36–13 4.94–14 1.35–14 2.92–15 5.51–16 9.43–17 1.39–17 1.51–18 1.01–19
8s1=2 2.91–12 1.64–12 9.23–13 5.20–13 2.93–13 1.65–13 9.33–14 5.29–14 3.00–14 1.68–14 9.08–15 4.30–15 1.54–15 3.56–16 5.17–17
8p1=2 3.20–12 1.80–12 1.01–12 5.70–13 3.21–13 1.82–13 1.04–13 5.98–14 3.48–14 1.96–14 9.71–15 3.77–15 1.03–15 1.78–16 1.88–17
8p3=2 8.26–12 4.65–12 2.62–12 1.47–12 8.30–13 4.67–13 2.63–13 1.48–13 8.17–14 4.24–14 1.90–14 6.65–15 1.64–15 2.54–16 2.33–17

8d3=2 1.01–11 5.66–12 3.19–12 1.80–12 1.01–12 5.69–13 3.19–13 1.76–13 9.16–14 4.07–14 1.42–14 3.68–15 6.90–16 8.47–17 6.10–18
8d5=2 1.51–11 8.50–12 4.79–12 2.69–12 1.51–12 8.51–13 4.77–13 2.62–13 1.34–13 5.88–14 2.00–14 5.09–15 9.39–16 1.14–16 8.12–18
8f 5=2 1.68–11 9.44–12 5.31–12 2.99–12 1.68–12 9.32–13 5.06–13 2.56–13 1.11–13 3.80–14 9.91–15 2.03–15 3.25–16 3.64–17 2.47–18

8f 7=2 2.21–11 1.25–11 7.02–12 3.94–12 2.21–12 1.23–12 6.67–13 3.37–13 1.46–13 4.94–14 1.28–14 2.62–15 4.18–16 4.67–17 3.17–18
8g7=2 1.76–11 9.91–12 5.58–12 3.13–12 1.75–12 9.53–13 4.91–13 2.21–13 7.94–14 2.17–14 4.72–15 8.63–16 1.31–16 1.43–17 9.64–19
8g9=2 2.19–11 1.23–11 6.93–12 3.89–12 2.17–12 1.18–12 6.10–13 2.75–13 9.83–14 2.69–14 5.83–15 1.07–15 1.62–16 1.77–17 1.19–18
8h9=2 1.43–11 8.04–12 4.53–12 2.54–12 1.40–12 7.49–13 3.65–13 1.47–13 4.52–14 1.07–14 2.12–15 3.70–16 5.51–17 5.99–18 4.02–19
8h11=2 1.71–11 9.62–12 5.41–12 3.03–12 1.68–12 8.95–13 4.36–13 1.76–13 5.40–14 1.28–14 2.53–15 4.41–16 6.57–17 7.14–18 4.80–19
8i11=2 8.42–12 4.74–12 2.66–12 1.49–12 8.16–13 4.24–13 1.94–13 7.04–14 1.92–14 4.16–15 7.85–16 1.34–16 1.99–17 2.15–18 1.45–19
8i13=2 9.79–12 5.51–12 3.10–12 1.73–12 9.49–13 4.93–13 2.26–13 8.19–14 2.23–14 4.84–15 9.12–16 1.56–16 2.31–17 2.50–18 1.68–19

(continued on next page)
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Table 1 (continued)

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

9s1=2 2.09–12 1.18–12 6.63–13 3.73–13 2.10–13 1.18–13 6.69–14 3.77–14 2.12–14 1.17–14 6.28–15 2.96–15 1.06–15 2.44–16 3.55–17
9p1=2 2.26–12 1.27–12 7.18–13 4.04–13 2.28–13 1.29–13 7.33–14 4.22–14 2.44–14 1.36–14 6.72–15 2.60–15 7.14–16 1.23–16 1.29–17
9p3=2 5.93–12 3.34–12 1.88–12 1.06–12 5.96–13 3.35–13 1.88–13 1.05–13 5.77–14 2.97–14 1.33–14 4.62–15 1.14–15 1.76–16 1.61–17

9d3=2 7.16–12 4.03–12 2.27–12 1.28–12 7.20–13 4.05–13 2.27–13 1.25–13 6.49–14 2.88–14 9.98–15 2.59–15 4.85–16 5.96–17 4.29–18
9d5=2 1.08–11 6.07–12 3.42–12 1.92–12 1.08–12 6.08–13 3.41–13 1.87–13 9.55–14 4.16–14 1.41–14 3.59–15 6.62–16 8.02–17 5.72–18
9f 5=2 1.23–11 6.94–12 3.91–12 2.20–12 1.23–12 6.86–13 3.72–13 1.88–13 8.17–14 2.78–14 7.25–15 1.48–15 2.38–16 2.66–17 1.81–18

9f 7=2 1.63–11 9.18–12 5.17–12 2.91–12 1.63–12 9.07–13 4.92–13 2.48–13 1.07–13 3.62–14 9.40–15 1.92–15 3.06–16 3.42–17 2.32–18
9g7=2 1.41–11 7.92–12 4.46–12 2.50–12 1.39–12 7.61–13 3.92–13 1.77–13 6.32–14 1.73–14 3.75–15 6.85–16 1.04–16 1.14–17 7.65–19
9g9=2 1.75–11 9.84–12 5.54–12 3.11–12 1.73–12 9.46–13 4.87–13 2.19–13 7.83–14 2.14–14 4.63–15 8.46–16 1.28–16 1.40–17 9.44–19
9h9=2 1.29–11 7.29–12 4.10–12 2.30–12 1.27–12 6.79–13 3.30–13 1.33–13 4.09–14 9.69–15 1.91–15 3.34–16 4.97–17 5.41–18 3.63–19
9h11=2 1.55–11 8.71–12 4.91–12 2.75–12 1.52–12 8.12–13 3.95–13 1.59–13 4.89–14 1.16–14 2.29–15 3.99–16 5.94–17 6.45–18 4.33–19
9i11=2 9.63–12 5.42–12 3.05–12 1.70–12 9.34–13 4.86–13 2.22–13 8.06–14 2.20–14 4.76–15 8.98–16 1.54–16 2.27–17 2.46–18 1.65–19
9i13=2 1.12–11 6.31–12 3.55–12 1.98–12 1.09–12 5.65–13 2.59–13 9.37–14 2.56–14 5.54–15 1.04–15 1.79–16 2.64–17 2.86–18 1.92–19
10s1=2 1.56–12 8.78–13 4.95–13 2.79–13 1.57–13 8.83–14 4.97–14 2.79–14 1.55–14 8.52–15 4.53–15 2.13–15 7.60–16 1.75–16 2.54–17
10p1=2 1.67–12 9.42–13 5.31–13 2.99–13 1.69–13 9.52–14 5.41–14 3.10–14 1.78–14 9.87–15 4.85–15 1.87–15 5.13–16 8.84–17 9.27–18
10p3=2 4.43–12 2.49–12 1.40–12 7.91–13 4.45–13 2.50–13 1.40–13 7.80–14 4.24–14 2.16–14 9.60–15 3.34–15 8.22–16 1.27–16 1.16–17

10d3=2 5.30–12 2.98–12 1.68–12 9.47–13 5.33–13 3.00–13 1.68–13 9.25–14 4.77–14 2.10–14 7.29–15 1.89–15 3.54–16 4.34–17 3.11–18
10d5=2 8.00–12 4.50–12 2.54–12 1.43–12 8.04–13 4.52–13 2.52–13 1.38–13 7.02–14 3.05–14 1.03–14 2.62–15 4.83–16 5.85–17 4.18–18
10f 5=2 9.32–12 5.25–12 2.96–12 1.66–12 9.33–13 5.19–13 2.81–13 1.42–13 6.15–14 2.09–14 5.44–15 1.11–15 1.78–16 1.99–17 1.35–18

10f 7=2 1.24–11 6.96–12 3.92–12 2.21–12 1.24–12 6.87–13 3.72–13 1.88–13 8.07–14 2.73–14 7.06–15 1.44–15 2.30–16 2.56–17 1.74–18

10g7=2 1.12–11 6.33–12 3.57–12 2.00–12 1.12–12 6.09–13 3.13–13 1.41–13 5.03–14 1.37–14 2.98–15 5.44–16 8.25–17 9.02–18 6.07–19
10g9=2 1.40–11 7.88–12 4.44–12 2.49–12 1.39–12 7.57–13 3.90–13 1.75–13 6.24–14 1.70–14 3.68–15 6.72–16 1.02–16 1.11–17 7.49–19

10h9=2 1.12–11 6.32–12 3.56–12 1.99–12 1.10–12 5.89–13 2.86–13 1.15–13 3.54–14 8.37–15 1.65–15 2.88–16 4.29–17 4.67–18 3.13–19
10h11=2 1.34–11 7.56–12 4.26–12 2.39–12 1.32–12 7.04–13 3.43–13 1.38–13 4.23–14 9.99–15 1.97–15 3.44–16 5.12–17 5.57–18 3.74–19
10i11=2 9.58–12 5.39–12 3.03–12 1.70–12 9.30–13 4.83–13 2.21–13 8.01–14 2.18–14 4.73–15 8.92–16 1.53–16 2.26–17 2.45–18 1.64–19
10i13=2 1.11–11 6.27–12 3.53–12 1.98–12 1.08–12 5.63–13 2.57–13 9.32–14 2.54–14 5.50–15 1.04–15 1.77–16 2.62–17 2.84–18 1.91–19
11s1=2 1.20–12 6.75–13 3.81–13 2.14–13 1.21–13 6.79–14 3.81–14 2.13–14 1.17–14 6.37–15 3.37–15 1.58–15 5.63–16 1.29–16 1.88–17
11p1=2 1.28–12 7.20–13 4.06–13 2.29–13 1.29–13 7.27–14 4.12–14 2.35–14 1.34–14 7.37–15 3.61–15 1.39–15 3.81–16 6.57–17 6.88–18
11p3=2 3.41–12 1.92–12 1.08–12 6.09–13 3.42–13 1.92–13 1.07–13 5.94–14 3.20–14 1.62–14 7.18–15 2.49–15 6.13–16 9.46–17 8.67–18
11d3=2 4.05–12 2.28–12 1.28–12 7.24–13 4.07–13 2.29–13 1.28–13 7.02–14 3.60–14 1.59–14 5.48–15 1.42–15 2.66–16 3.26–17 2.33–18
11d5=2 6.12–12 3.45–12 1.94–12 1.09–12 6.16–13 3.46–13 1.93–13 1.05–13 5.32–14 2.30–14 7.78–15 1.97–15 3.63–16 4.40–17 3.12–18
11f 5=2 7.23–12 4.07–12 2.29–12 1.29–12 7.24–13 4.02–13 2.18–13 1.10–13 4.74–14 1.61–14 4.18–15 8.54–16 1.37–16 1.53–17 1.04–18

11f 7=2 9.59–12 5.40–12 3.04–12 1.71–12 9.61–13 5.34–13 2.89–13 1.45–13 6.22–14 2.10–14 5.42–15 1.10–15 1.76–16 1.97–17 1.33–18

11g7=2 9.07–12 5.11–12 2.88–12 1.62–12 9.01–13 4.91–13 2.52–13 1.13–13 4.03–14 1.10–14 2.38–15 4.35–16 6.59–17 7.21–18 4.85–19
11g9=2 1.13–11 6.36–12 3.58–12 2.01–12 1.12–12 6.11–13 3.14–13 1.41–13 5.00–14 1.36–14 2.94–15 5.37–16 8.14–17 8.90–18 5.99–19

11h9=2 9.56–12 5.38–12 3.03–12 1.70–12 9.41–13 5.02–13 2.44–13 9.80–14 3.00–14 7.10–15 1.40–15 2.44–16 3.64–17 3.95–18 2.66–19
11h11=2 1.14–11 6.45–12 3.63–12 2.04–12 1.13–12 6.01–13 2.92–13 1.17–13 3.59–14 8.48–15 1.67–15 2.92–16 4.34–17 4.72–18 3.17–19
11i11=2 8.92–12 5.02–12 2.83–12 1.58–12 8.67–13 4.51–13 2.06–13 7.46–14 2.03–14 4.40–15 8.29–16 1.42–16 2.10–17 2.27–18 1.53–19
11i13=2 1.04–11 5.85–12 3.29–12 1.84–12 1.01–12 5.25–13 2.40–13 8.68–14 2.36–14 5.11–15 9.64–16 1.65–16 2.44–17 2.64–18 1.77–19
12s1=2 9.44–13 5.32–13 3.00–13 1.69–13 9.52–14 5.35–14 2.99–14 1.66–14 9.05–15 4.89–15 2.57–15 1.20–15 4.28–16 9.83–17 1.43–17
12p1=2 1.00–12 5.65–13 3.18–13 1.80–13 1.01–13 5.70–14 3.22–14 1.82–14 1.03–14 5.65–15 2.76–15 1.06–15 2.91–16 5.01–17 5.26–18
12p3=2 2.68–12 1.51–12 8.53–13 4.81–13 2.70–13 1.51–13 8.43–14 4.63–14 2.48–14 1.25–14 5.50–15 1.90–15 4.68–16 7.23–17 6.61–18

12d3=2 3.17–12 1.78–12 1.01–12 5.67–13 3.19–13 1.79–13 1.00–13 5.46–14 2.79–14 1.22–14 4.22–15 1.09–15 2.04–16 2.51–17 1.80–18
12d5=2 4.80–12 2.70–12 1.52–12 8.60–13 4.83–13 2.71–13 1.51–13 8.18–14 4.12–14 1.78–14 6.00–15 1.52–15 2.80–16 3.39–17 2.39–18
12f 5=2 5.72–12 3.22–12 1.82–12 1.02–12 5.74–13 3.19–13 1.72–13 8.65–14 3.72–14 1.26–14 3.27–15 6.68–16 1.07–16 1.20–17 8.33–19

12f 7=2 7.60–12 4.28–12 2.41–12 1.36–12 7.62–13 4.23–13 2.28–13 1.14–13 4.89–14 1.64–14 4.25–15 8.67–16 1.39–16 1.57–17 1.07–18
12g7=2 7.38–12 4.16–12 2.35–12 1.32–12 7.35–13 4.00–13 2.05–13 9.18–14 3.26–14 8.87–15 1.92–15 3.51–16 5.32–17 5.81–18 3.91–19
12g9=2 9.20–12 5.18–12 2.92–12 1.64–12 9.15–13 4.98–13 2.55–13 1.14–13 4.05–14 1.10–14 2.38–15 4.34–16 6.57–17 7.19–18 4.84–19
12h9=2 8.09–12 4.56–12 2.57–12 1.44–12 7.98–13 4.25–13 2.06–13 8.28–14 2.53–14 5.98–15 1.18–15 2.06–16 3.06–17 3.33–18 2.24–19
12h11=2 9.70–12 5.46–12 3.08–12 1.73–12 9.55–13 5.09–13 2.47–13 9.91–14 3.03–14 7.15–15 1.41–15 2.46–16 3.66–17 3.98–18 2.67–19
12i11=2 8.04–12 4.53–12 2.55–12 1.43–12 7.82–13 4.06–13 1.86–13 6.71–14 1.83–14 3.95–15 7.45–16 1.27–16 1.88–17 2.04–18 1.37–19
12i13=2 9.36–12 5.27–12 2.97–12 1.66–12 9.11–13 4.73–13 2.16–13 7.82–14 2.13–14 4.60–15 8.67–16 1.48–16 2.19–17 2.38–18 1.59–19
total 2.57–09 1.45–09 8.16–10 4.57–10 2.53–10 1.36–10 6.97–11 3.30–11 1.43–11 5.62–12 1.95–12 5.82–13 1.38–13 2.28–14 2.46–15

W56þ

3d3=2 2.04–10 1.15–10 6.46–11 3.63–11 2.04–11 1.14–11 6.35–12 3.43–12 1.74–12 7.58–13 2.62–13 6.85–14 1.30–14 1.60–15 1.16–16
3d5=2 2.86–10 1.61–10 9.04–11 5.08–11 2.85–11 1.60–11 8.86–12 4.79–12 2.41–12 1.04–12 3.56–13 9.13–14 1.70–14 2.08–15 1.49–16
4s1=2 3.47–11 1.95–11 1.10–11 6.17–12 3.47–12 1.95–12 1.10–12 6.25–13 3.57–13 2.05–13 1.12–13 5.35–14 1.93–14 4.46–15 6.52–16
4p1=2 4.45–11 2.51–11 1.41–11 7.93–12 4.46–12 2.51–12 1.41–12 7.99–13 4.51–13 2.46–13 1.19–13 4.58–14 1.25–14 2.17–15 2.30–16
4p3=2 9.46–11 5.32–11 2.99–11 1.68–11 9.47–12 5.32–12 2.99–12 1.67–12 9.21–13 4.78–13 2.15–13 7.53–14 1.87–14 2.92–15 2.71–16
4d3=2 1.01–10 5.67–11 3.19–11 1.79–11 1.01–11 5.64–12 3.14–12 1.71–12 8.71–13 3.86–13 1.35–13 3.55–14 6.74–15 8.35–16 6.05–17
4d5=2 1.44–10 8.12–11 4.57–11 2.57–11 1.44–11 8.08–12 4.49–12 2.44–12 1.24–12 5.41–13 1.87–13 4.81–14 8.99–15 1.10–15 7.89–17
4f 5=2 7.95–11 4.47–11 2.51–11 1.41–11 7.92–12 4.41–12 2.40–12 1.23–12 5.52–13 1.97–13 5.37–14 1.13–14 1.83–15 2.06–16 1.41–17

4f 7=2 1.03–10 5.79–11 3.26–11 1.83–11 1.03–11 5.70–12 3.11–12 1.59–12 7.12–13 2.53–13 6.86–14 1.44–14 2.33–15 2.62–16 1.78–17

5s1=2 1.78–11 1.00–11 5.64–12 3.17–12 1.79–12 1.01–12 5.67–13 3.22–13 1.84–13 1.04–13 5.63–14 2.65–14 9.45–15 2.17–15 3.16–16
5p1=2 2.20–11 1.24–11 6.97–12 3.92–12 2.21–12 1.24–12 7.01–13 3.98–13 2.25–13 1.23–13 5.96–14 2.28–14 6.23–15 1.08–15 1.14–16
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Table 1 (continued)

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

5p3=2 4.95–11 2.78–11 1.57–11 8.80–12 4.95–12 2.78–12 1.56–12 8.75–13 4.81–13 2.48–13 1.11–13 3.86–14 9.55–15 1.49–15 1.37–16

5d3=2 5.58–11 3.14–11 1.76–11 9.92–12 5.57–12 3.12–12 1.74–12 9.49–13 4.86–13 2.15–13 7.55–14 1.98–14 3.76–15 4.66–16 3.37–17
5d5=2 8.08–11 4.54–11 2.56–11 1.44–11 8.07–12 4.52–12 2.52–12 1.37–12 6.96–13 3.05–13 1.05–13 2.70–14 5.05–15 6.17–16 4.42–17
5f 5=2 6.35–11 3.57–11 2.01–11 1.13–11 6.33–12 3.52–12 1.92–12 9.87–13 4.44–13 1.59–13 4.33–14 9.12–15 1.48–15 1.67–16 1.14–17

5f 7=2 8.27–11 4.65–11 2.62–11 1.47–11 8.24–12 4.59–12 2.50–12 1.28–12 5.75–13 2.05–13 5.56–14 1.17–14 1.89–15 2.13–16 1.45–17
5g7=2 3.24–11 1.82–11 1.02–11 5.75–12 3.21–12 1.77–12 9.34–13 4.44–13 1.73–13 5.14–14 1.18–14 2.23–15 3.42–16 3.76–17 2.53–18
5g9=2 3.99–11 2.25–11 1.26–11 7.09–12 3.96–12 2.18–12 1.15–12 5.47–13 2.13–13 6.32–14 1.45–14 2.73–15 4.19–16 4.60–17 3.10–18
6s1=2 1.06–11 5.94–12 3.34–12 1.88–12 1.06–12 5.96–13 3.36–13 1.90–13 1.08–13 6.06–14 3.23–14 1.50–14 5.32–15 1.22–15 1.77–16
6p1=2 1.27–11 7.14–12 4.02–12 2.26–12 1.27–12 7.16–13 4.05–13 2.30–13 1.30–13 7.09–14 3.41–14 1.30–14 3.54–15 6.11–16 6.44–17
6p3=2 2.95–11 1.66–11 9.34–12 5.26–12 2.96–12 1.66–12 9.34–13 5.22–13 2.86–13 1.46–13 6.46–14 2.23–14 5.51–15 8.54–16 7.87–17

6d3=2 3.40–11 1.91–11 1.07–11 6.04–12 3.40–12 1.90–12 1.06–12 5.79–13 2.96–13 1.31–13 4.58–14 1.20–14 2.28–15 2.82–16 2.04–17
6d5=2 4.96–11 2.79–11 1.57–11 8.82–12 4.96–12 2.78–12 1.55–12 8.41–13 4.27–13 1.87–13 6.40–14 1.65–14 3.07–15 3.74–16 2.69–17
6f 5=2 4.50–11 2.53–11 1.42–11 8.01–12 4.49–12 2.50–12 1.36–12 7.02–13 3.16–13 1.13–13 3.08–14 6.47–15 1.05–15 1.18–16 8.06–18

6f 7=2 5.89–11 3.32–11 1.87–11 1.05–11 5.88–12 3.27–12 1.78–12 9.16–13 4.11–13 1.46–13 3.96–14 8.31–15 1.35–15 1.51–16 1.03–17
6g7=2 3.62–11 2.03–11 1.14–11 6.42–12 3.59–12 1.98–12 1.04–12 4.97–13 1.94–13 5.75–14 1.32–14 2.49–15 3.82–16 4.20–17 2.83–18
6g9=2 4.47–11 2.51–11 1.41–11 7.94–12 4.44–12 2.44–12 1.29–12 6.14–13 2.39–13 7.08–14 1.63–14 3.06–15 4.69–16 5.15–17 3.47–18

6h9=2 1.52–11 8.56–12 4.81–12 2.70–12 1.50–12 8.14–13 4.13–13 1.80–13 6.10–14 1.57–14 3.25–15 5.79–16 8.68–17 9.45–18 6.35–19
6h11=2 1.81–11 1.02–11 5.73–12 3.21–12 1.79–12 9.69–13 4.91–13 2.14–13 7.25–14 1.86–14 3.86–15 6.87–16 1.03–16 1.12–17 7.54–19
7s1=2 6.85–12 3.85–12 2.17–12 1.22–12 6.87–13 3.87–13 2.18–13 1.23–13 6.94–14 3.84–14 2.02–14 9.32–15 3.29–15 7.51–16 1.09–16
7p1=2 8.07–12 4.54–12 2.55–12 1.44–12 8.09–13 4.56–13 2.57–13 1.46–13 8.25–14 4.47–14 2.13–14 8.09–15 2.20–15 3.79–16 3.99–17
7p3=2 1.93–11 1.08–11 6.10–12 3.43–12 1.93–12 1.08–12 6.08–13 3.39–13 1.84–13 9.34–14 4.09–14 1.41–14 3.46–15 5.35–16 4.92–17
7d3=2 2.23–11 1.25–11 7.05–12 3.97–12 2.23–12 1.25–12 6.97–13 3.80–13 1.94–13 8.55–14 2.98–14 7.78–15 1.47–15 1.82–16 1.32–17
7d5=2 3.27–11 1.84–11 1.03–11 5.82–12 3.27–12 1.83–12 1.02–12 5.54–13 2.81–13 1.22–13 4.17–14 1.07–14 1.99–15 2.43–16 1.74–17
7f 5=2 3.19–11 1.80–11 1.01–11 5.68–12 3.19–12 1.78–12 9.68–13 4.98–13 2.24–13 8.00–14 2.18–14 4.57–15 7.43–16 8.36–17 5.69–18

7f 7=2 4.20–11 2.36–11 1.33–11 7.47–12 4.19–12 2.33–12 1.27–12 6.53–13 2.92–13 1.04–13 2.81–14 5.88–15 9.52–16 1.07–16 7.28–18

7g7=2 3.14–11 1.77–11 9.93–12 5.58–12 3.12–12 1.72–12 9.07–13 4.32–13 1.68–13 4.99–14 1.15–14 2.16–15 3.31–16 3.63–17 2.45–18
7g9=2 3.89–11 2.19–11 1.23–11 6.91–12 3.86–12 2.12–12 1.12–12 5.34–13 2.07–13 6.14–14 1.41–14 2.65–15 4.06–16 4.46–17 3.01–18

7h9=2 2.11–11 1.19–11 6.68–12 3.74–12 2.08–12 1.13–12 5.73–13 2.50–13 8.47–14 2.18–14 4.51–15 8.03–16 1.20–16 1.31–17 8.82–19
7h11=2 2.52–11 1.41–11 7.96–12 4.47–12 2.48–12 1.35–12 6.83–13 2.98–13 1.01–13 2.59–14 5.36–15 9.54–16 1.43–16 1.56–17 1.05–18
7i11=2 7.62–12 4.29–12 2.41–12 1.35–12 7.46–13 3.97–13 1.92–13 7.63–14 2.29–14 5.32–15 1.04–15 1.80–16 2.67–17 2.90–18 1.95–19
7i13=2 8.85–12 4.98–12 2.80–12 1.57–12 8.65–13 4.61–13 2.23–13 8.85–14 2.66–14 6.16–15 1.20–15 2.08–16 3.09–17 3.36–18 2.25–19
8s1=2 4.74–12 2.67–12 1.50–12 8.45–13 4.75–13 2.68–13 1.51–13 8.48–14 4.74–14 2.59–14 1.35–14 6.18–15 2.17–15 4.95–16 7.15–17
8p1=2 5.49–12 3.09–12 1.74–12 9.80–13 5.51–13 3.10–13 1.75–13 9.93–14 5.58–14 3.00–14 1.42–14 5.38–15 1.46–15 2.51–16 2.65–17
8p3=2 1.34–11 7.52–12 4.23–12 2.38–12 1.34–12 7.53–13 4.22–13 2.34–13 1.26–13 6.34–14 2.75–14 9.43–15 2.31–15 3.57–16 3.28–17

8d3=2 1.55–11 8.70–12 4.90–12 2.75–12 1.55–12 8.68–13 4.83–13 2.63–13 1.34–13 5.87–14 2.04–14 5.31–15 1.00–15 1.24–16 8.98–18
8d5=2 2.28–11 1.28–11 7.20–12 4.05–12 2.28–12 1.28–12 7.10–13 3.85–13 1.94–13 8.39–14 2.86–14 7.31–15 1.36–15 1.66–16 1.19–17
8f 5=2 2.32–11 1.31–11 7.35–12 4.13–12 2.32–12 1.29–12 7.04–13 3.62–13 1.62–13 5.78–14 1.57–14 3.29–15 5.35–16 6.02–17 4.15–18

8f 7=2 3.06–11 1.72–11 9.68–12 5.44–12 3.05–12 1.70–12 9.25–13 4.75–13 2.12–13 7.52–14 2.03–14 4.24–15 6.87–16 7.72–17 5.25–18
8g7=2 2.55–11 1.43–11 8.07–12 4.53–12 2.53–12 1.39–12 7.37–13 3.50–13 1.36–13 4.04–14 9.27–15 1.74–15 2.67–16 2.93–17 1.98–18
8g9=2 3.16–11 1.78–11 1.00–11 5.62–12 3.14–12 1.73–12 9.13–13 4.34–13 1.68–13 4.98–14 1.14–14 2.14–15 3.28–16 3.60–17 2.43–18

8h9=2 2.13–11 1.20–11 6.74–12 3.78–12 2.10–12 1.14–12 5.78–13 2.52–13 8.54–14 2.19–14 4.54–15 8.08–16 1.21–16 1.32–17 8.87–19
8h11=2 2.54–11 1.43–11 8.04–12 4.51–12 2.51–12 1.36–12 6.90–13 3.00–13 1.02–13 2.61–14 5.40–15 9.61–16 1.44–16 1.57–17 1.05–18
8i11=2 1.26–11 7.08–12 3.98–12 2.23–12 1.23–12 6.55–13 3.17–13 1.26–13 3.79–14 8.78–15 1.71–15 2.97–16 4.40–17 4.78–18 3.21–19
8i13=2 1.46–11 8.22–12 4.62–12 2.59–12 1.43–12 7.61–13 3.68–13 1.46–13 4.40–14 1.02–14 1.98–15 3.44–16 5.10–17 5.54–18 3.72–19
9s1=2 3.44–12 1.94–12 1.09–12 6.13–13 3.45–13 1.94–13 1.09–13 6.11–14 3.38–14 1.83–14 9.45–15 4.30–15 1.51–15 3.43–16 4.96–17
9p1=2 3.94–12 2.22–12 1.25–12 7.02–13 3.95–13 2.23–13 1.26–13 7.09–14 3.96–14 2.11–14 9.96–15 3.75–15 1.02–15 1.75–16 1.83–17
9p3=2 9.72–12 5.47–12 3.08–12 1.73–12 9.74–13 5.47–13 3.06–13 1.69–13 9.04–14 4.50–14 1.94–14 6.62–15 1.62–15 2.50–16 2.30–17

9d3=2 1.12–11 6.31–12 3.55–12 2.00–12 1.12–12 6.30–13 3.50–13 1.90–13 9.63–14 4.20–14 1.45–14 3.78–15 7.14–16 8.81–17 6.36–18
9d5=2 1.66–11 9.31–12 5.24–12 2.95–12 1.66–12 9.29–13 5.16–13 2.79–13 1.40–13 6.02–14 2.04–14 5.21–15 9.67–16 1.18–16 8.45–18
9f 5=2 1.73–11 9.74–12 5.48–12 3.09–12 1.73–12 9.63–13 5.25–13 2.69–13 1.20–13 4.28–14 1.16–14 2.43–15 3.95–16 4.44–17 3.02–18

9f 7=2 2.28–11 1.29–11 7.24–12 4.07–12 2.28–12 1.27–12 6.91–13 3.54–13 1.58–13 5.57–14 1.50–14 3.13–15 5.07–16 5.70–17 3.88–18

9g7=2 2.04–11 1.15–11 6.44–12 3.62–12 2.02–12 1.11–12 5.89–13 2.80–13 1.08–13 3.21–14 7.36–15 1.38–15 2.12–16 2.33–17 1.57–18
9g9=2 2.53–11 1.42–11 8.01–12 4.50–12 2.51–12 1.38–12 7.30–13 3.46–13 1.34–13 3.96–14 9.06–15 1.70–15 2.61–16 2.86–17 1.93–18
9h9=2 1.93–11 1.08–11 6.10–12 3.42–12 1.90–12 1.03–12 5.24–13 2.28–13 7.71–14 1.98–14 4.09–15 7.29–16 1.09–16 1.19–17 8.00–19
9h11=2 2.30–11 1.29–11 7.29–12 4.09–12 2.27–12 1.23–12 6.25–13 2.72–13 9.19–14 2.36–14 4.87–15 8.67–16 1.30–16 1.42–17 9.51–19
9i11=2 1.44–11 8.09–12 4.55–12 2.55–12 1.41–12 7.50–13 3.63–13 1.44–13 4.33–14 1.00–14 1.95–15 3.39–16 5.03–17 5.46–18 3.66–19
9i13=2 1.67–11 9.40–12 5.29–12 2.96–12 1.64–12 8.71–13 4.21–13 1.67–13 5.02–14 1.16–14 2.27–15 3.93–16 5.83–17 6.33–18 4.25–19
10s1=2 2.59–12 1.46–12 8.20–13 4.62–13 2.60–13 1.46–13 8.19–14 4.56–14 2.51–14 1.34–14 6.87–15 3.11–15 1.09–15 2.47–16 3.57–17
10p1=2 2.93–12 1.65–12 9.30–13 5.24–13 2.95–13 1.66–13 9.34–14 5.25–14 2.92–14 1.54–14 7.24–15 2.72–15 7.36–16 1.26–16 1.33–17
10p3=2 7.33–12 4.12–12 2.32–12 1.31–12 7.35–13 4.12–13 2.30–13 1.26–13 6.70–14 3.31–14 1.42–14 4.82–15 1.18–15 1.82–16 1.67–17
10d3=2 8.43–12 4.74–12 2.67–12 1.50–12 8.45–13 4.73–13 2.63–13 1.42–13 7.16–14 3.11–14 1.07–14 2.78–15 5.25–16 6.48–17 4.69–18
10d5=2 1.25–11 7.01–12 3.95–12 2.22–12 1.25–12 6.99–13 3.88–13 2.09–13 1.04–13 4.46–14 1.51–14 3.84–15 7.12–16 8.67–17 6.21–18
10f 5=2 1.32–11 7.45–12 4.20–12 2.36–12 1.32–12 7.37–13 4.01–13 2.05–13 9.15–14 3.24–14 8.76–15 1.84–15 2.98–16 3.35–17 2.28–18

10f 7=2 1.75–11 9.85–12 5.55–12 3.12–12 1.75–12 9.73–13 5.29–13 2.70–13 1.20–13 4.23–14 1.14–14 2.37–15 3.83–16 4.30–17 2.92–18

10g7=2 1.63–11 9.17–12 5.16–12 2.90–12 1.62–12 8.93–13 4.71–13 2.23–13 8.64–14 2.55–14 5.85–15 1.10–15 1.68–16 1.85–17 1.25–18
(continued on next page)
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Table 1 (continued)

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

10g9=2 2.02–11 1.14–11 6.41–12 3.60–12 2.01–12 1.11–12 5.84–13 2.77–13 1.07–13 3.15–14 7.20–15 1.35–15 2.07–16 2.27–17 1.53–18

10h9=2 1.67–11 9.40–12 5.29–12 2.97–12 1.65–12 8.95–13 4.54–13 1.97–13 6.67–14 1.71–14 3.53–15 6.28–16 9.42–17 1.03–17 6.90–19
10h11=2 1.99–11 1.12–11 6.32–12 3.55–12 1.97–12 1.07–12 5.42–13 2.35–13 7.95–14 2.04–14 4.21–15 7.48–16 1.12–16 1.22–17 8.21–19
10i11=2 1.43–11 8.04–12 4.52–12 2.54–12 1.40–12 7.46–13 3.60–13 1.43–13 4.30–14 9.95–15 1.94–15 3.36–16 4.99–17 5.41–18 3.63–19
10i13=2 1.66–11 9.35–12 5.26–12 2.95–12 1.63–12 8.67–13 4.19–13 1.66–13 4.99–14 1.15–14 2.25–15 3.90–16 5.78–17 6.28–18 4.22–19
11s1=2 2.00–12 1.13–12 6.35–13 3.58–13 2.01–13 1.13–13 6.32–14 3.50–14 1.91–14 1.01–14 5.15–15 2.32–15 8.10–16 1.84–16 2.66–17
11p1=2 2.26–12 1.27–12 7.16–13 4.03–13 2.27–13 1.28–13 7.17–14 4.01–14 2.21–14 1.16–14 5.43–15 2.03–15 5.50–16 9.45–17 9.93–18
11p3=2 5.69–12 3.20–12 1.80–12 1.01–12 5.70–13 3.20–13 1.78–13 9.71–14 5.11–14 2.50–14 1.07–14 3.62–15 8.83–16 1.36–16 1.25–17

11d3=2 6.52–12 3.67–12 2.07–12 1.16–12 6.54–13 3.66–13 2.03–13 1.09–13 5.47–14 2.36–14 8.10–15 2.10–15 3.97–16 4.90–17 3.52–18
11d5=2 9.65–12 5.43–12 3.06–12 1.72–12 9.68–13 5.41–13 2.99–13 1.61–13 7.97–14 3.39–14 1.14–14 2.90–15 5.38–16 6.56–17 4.70–18
11f 5=2 1.04–11 5.83–12 3.29–12 1.85–12 1.04–12 5.77–13 3.13–13 1.60–13 7.10–14 2.51–14 6.77–15 1.42–15 2.30–16 2.58–17 1.75–18

11f 7=2 1.37–11 7.72–12 4.35–12 2.44–12 1.37–12 7.62–13 4.14–13 2.11–13 9.32–14 3.27–14 8.77–15 1.83–15 2.96–16 3.32–17 2.26–18
11g7=2 1.32–11 7.41–12 4.17–12 2.34–12 1.31–12 7.20–13 3.80–13 1.80–13 6.93–14 2.04–14 4.68–15 8.78–16 1.35–16 1.48–17 9.95–19
11g9=2 1.63–11 9.20–12 5.18–12 2.91–12 1.63–12 8.95–13 4.71–13 2.23–13 8.59–14 2.52–14 5.77–15 1.08–15 1.66–16 1.82–17 1.23–18

11h9=2 1.42–11 8.01–12 4.51–12 2.53–12 1.41–12 7.63–13 3.86–13 1.68–13 5.66–14 1.45–14 2.99–15 5.32–16 7.98–17 8.69–18 5.84–19
11h11=2 1.70–11 9.57–12 5.39–12 3.02–12 1.68–12 9.12–13 4.62–13 2.00–13 6.75–14 1.73–14 3.57–15 6.34–16 9.50–17 1.04–17 6.96–19
11i11=2 1.33–11 7.49–12 4.22–12 2.36–12 1.31–12 6.95–13 3.36–13 1.33–13 3.99–14 9.24–15 1.80–15 3.12–16 4.63–17 5.03–18 3.37–19
11i13=2 1.55–11 8.71–12 4.91–12 2.75–12 1.52–12 8.08–13 3.90–13 1.55–13 4.64–14 1.07–14 2.09–15 3.62–16 5.37–17 5.84–18 3.92–19
12s1=2 1.59–12 8.94–13 5.04–13 2.84–13 1.60–13 8.95–14 4.99–14 2.75–14 1.48–14 7.82–15 3.95–15 1.78–15 6.19–16 1.41–16 2.03–17
12p1=2 1.78–12 1.00–12 5.64–13 3.18–13 1.79–13 1.00–13 5.63–14 3.13–14 1.72–14 8.96–15 4.17–15 1.56–15 4.21–16 7.23–17 7.62–18
12p3=2 4.51–12 2.54–12 1.43–12 8.06–13 4.53–13 2.53–13 1.40–13 7.63–14 3.99–14 1.94–14 8.24–15 2.78–15 6.78–16 1.04–16 9.56–18

12d3=2 5.16–12 2.90–12 1.64–12 9.21–13 5.17–13 2.89–13 1.60–13 8.57–14 4.27–14 1.83–14 6.28–15 1.63–15 3.07–16 3.78–17 2.72–18
12d5=2 7.65–12 4.31–12 2.43–12 1.37–12 7.67–13 4.29–13 2.36–13 1.26–13 6.23–14 2.64–14 8.86–15 2.25–15 4.17–16 5.08–17 3.64–18
12f 5=2 8.27–12 4.65–12 2.62–12 1.48–12 8.27–13 4.60–13 2.49–13 1.27–13 5.61–14 1.98–14 5.32–15 1.11–15 1.80–16 2.02–17 1.37–18

12f 7=2 1.09–11 6.16–12 3.47–12 1.95–12 1.09–12 6.08–13 3.30–13 1.67–13 7.37–14 2.58–14 6.90–15 1.44–15 2.34–16 2.63–17 1.79–18
12g7=2 1.07–11 6.04–12 3.40–12 1.91–12 1.07–12 5.87–13 3.09–13 1.46–13 5.62–14 1.65–14 3.78–15 7.08–16 1.09–16 1.19–17 8.03–19
12g9=2 1.33–11 7.51–12 4.23–12 2.38–12 1.33–12 7.31–13 3.84–13 1.81–13 6.96–14 2.04–14 4.66–15 8.73–16 1.34–16 1.47–17 9.89–19
12h9=2 1.20–11 6.78–12 3.82–12 2.15–12 1.19–12 6.46–13 3.27–13 1.42–13 4.77–14 1.22–14 2.52–15 4.48–16 6.72–17 7.32–18 4.92–19
12h11=2 1.44–11 8.12–12 4.57–12 2.57–12 1.43–12 7.73–13 3.91–13 1.69–13 5.70–14 1.46–14 3.00–15 5.34–16 8.00–17 8.72–18 5.86–19
12i11=2 1.20–11 6.75–12 3.80–12 2.13–12 1.18–12 6.27–13 3.03–13 1.20–13 3.59–14 8.31–15 1.62–15 2.80–16 4.16–17 4.52–18 3.03–19
12i13=2 1.40–11 7.86–12 4.43–12 2.48–12 1.37–12 7.29–13 3.52–13 1.39–13 4.18–14 9.65–15 1.88–15 3.25–16 4.83–17 5.24–18 3.52–19
total 4.17–09 2.34–09 1.32–09 7.40–10 4.12–10 2.25–10 1.18–10 5.74–11 2.56–11 1.01–11 3.43–12 9.78–13 2.21–13 3.47–14 3.58–15

W64þ

3s1=2 1.02–10 5.71–11 3.21–11 1.81–11 1.02–11 5.72–12 3.22–12 1.82–12 1.03–12 5.80–13 3.15–13 1.50–13 5.45–14 1.27–14 1.88–15
3p1=2 1.33–10 7.46–11 4.20–11 2.36–11 1.33–11 7.46–12 4.19–12 2.35–12 1.30–12 6.90–13 3.28–13 1.25–13 3.45–14 6.02–15 6.43–16
3p3=2 2.51–10 1.41–10 7.93–11 4.46–11 2.51–11 1.41–11 7.89–12 4.40–12 2.40–12 1.24–12 5.54–13 1.96–13 4.93–14 7.78–15 7.28–16

3d3=2 1.90–10 1.07–10 6.00–11 3.37–11 1.89–11 1.06–11 5.90–12 3.20–12 1.63–12 7.26–13 2.57–13 6.88–14 1.33–14 1.66–15 1.21–16
3d5=2 2.64–10 1.49–10 8.35–11 4.70–11 2.64–11 1.48–11 8.21–12 4.45–12 2.26–12 9.96–13 3.48–13 9.13–14 1.73–14 2.14–15 1.54–16
4s1=2 4.42–11 2.48–11 1.40–11 7.85–12 4.42–12 2.49–12 1.40–12 7.91–13 4.48–13 2.52–13 1.35–13 6.34–14 2.26–14 5.23–15 7.63–16
4p1=2 5.59–11 3.14–11 1.77–11 9.94–12 5.59–12 3.14–12 1.77–12 9.93–13 5.53–13 2.96–13 1.41–13 5.37–14 1.47–14 2.56–15 2.72–16
4p3=2 1.15–10 6.46–11 3.63–11 2.04–11 1.15–11 6.45–12 3.62–12 2.02–12 1.10–12 5.66–13 2.52–13 8.81–14 2.20–14 3.45–15 3.21–16

4d3=2 1.11–10 6.22–11 3.50–11 1.97–11 1.10–11 6.19–12 3.44–12 1.87–12 9.58–13 4.27–13 1.51–13 4.03–14 7.76–15 9.69–16 7.06–17
4d5=2 1.57–10 8.81–11 4.96–11 2.79–11 1.57–11 8.77–12 4.88–12 2.65–12 1.35–12 5.93–13 2.07–13 5.42–14 1.02–14 1.26–15 9.12–17
4f 5=2 8.18–11 4.60–11 2.59–11 1.45–11 8.16–12 4.55–12 2.49–12 1.29–12 5.93–13 2.19–13 6.15–14 1.32–14 2.18–15 2.47–16 1.68–17

4f 7=2 1.06–10 5.96–11 3.35–11 1.88–11 1.06–11 5.88–12 3.22–12 1.67–12 7.64–13 2.81–13 7.86–14 1.69–14 2.77–15 3.13–16 2.13–17

5s1=2 2.35–11 1.32–11 7.45–12 4.19–12 2.36–12 1.33–12 7.47–13 4.22–13 2.38–13 1.33–13 7.04–14 3.25–14 1.15–14 2.63–15 3.81–16
5p1=2 2.90–11 1.63–11 9.18–12 5.16–12 2.90–12 1.63–12 9.19–13 5.17–13 2.89–13 1.55–13 7.32–14 2.77–14 7.57–15 1.31–15 1.39–16
5p3=2 6.27–11 3.53–11 1.98–11 1.12–11 6.28–12 3.53–12 1.98–12 1.10–12 6.00–13 3.06–13 1.35–13 4.67–14 1.16–14 1.81–15 1.67–16
5d3=2 6.54–11 3.68–11 2.07–11 1.16–11 6.54–12 3.67–12 2.04–12 1.11–12 5.68–13 2.52–13 8.91–14 2.37–14 4.54–15 5.67–16 4.12–17
5d5=2 9.38–11 5.28–11 2.97–11 1.67–11 9.38–12 5.26–12 2.92–12 1.59–12 8.06–13 3.54–13 1.23–13 3.20–14 6.04–15 7.43–16 5.36–17
5f 5=2 7.06–11 3.97–11 2.23–11 1.25–11 7.04–12 3.92–12 2.15–12 1.12–12 5.12–13 1.89–13 5.31–14 1.14–14 1.88–15 2.13–16 1.45–17

5f 7=2 9.19–11 5.17–11 2.91–11 1.63–11 9.16–12 5.11–12 2.79–12 1.45–12 6.64–13 2.44–13 6.82–14 1.46–14 2.39–15 2.70–16 1.84–17
5g7=2 3.96–11 2.23–11 1.25–11 7.03–12 3.94–12 2.18–12 1.16–12 5.69–13 2.32–13 7.25–14 1.73–14 3.32–15 5.14–16 5.67–17 3.82–18
5g9=2 4.87–11 2.74–11 1.54–11 8.65–12 4.84–12 2.68–12 1.43–12 6.99–13 2.85–13 8.88–14 2.12–14 4.06–15 6.27–16 6.91–17 4.66–18
6s1=2 1.42–11 7.99–12 4.50–12 2.53–12 1.42–12 8.01–13 4.51–13 2.54–13 1.43–13 7.91–14 4.12–14 1.88–14 6.57–15 1.50–15 2.17–16
6p1=2 1.71–11 9.64–12 5.42–12 3.05–12 1.72–12 9.66–13 5.44–13 3.06–13 1.71–13 9.11–14 4.28–14 1.61–14 4.38–15 7.57–16 8.01–17
6p3=2 3.84–11 2.16–11 1.22–11 6.84–12 3.84–12 2.16–12 1.21–12 6.73–13 3.65–13 1.84–13 8.04–14 2.76–14 6.81–15 1.06–15 9.78–17
6d3=2 4.15–11 2.33–11 1.31–11 7.38–12 4.14–12 2.32–12 1.29–12 7.03–13 3.59–13 1.59–13 5.58–14 1.48–14 2.82–15 3.52–16 2.56–17
6d5=2 5.99–11 3.37–11 1.89–11 1.06–11 5.98–12 3.35–12 1.86–12 1.01–12 5.12–13 2.24–13 7.73–14 2.01–14 3.77–15 4.63–16 3.34–17
6f 5=2 5.21–11 2.93–11 1.65–11 9.27–12 5.20–12 2.90–12 1.59–12 8.24–13 3.78–13 1.39–13 3.90–14 8.36–15 1.37–15 1.56–16 1.06–17

6f 7=2 6.82–11 3.84–11 2.16–11 1.21–11 6.80–12 3.79–12 2.07–12 1.07–12 4.92–13 1.80–13 5.02–14 1.07–14 1.76–15 1.99–16 1.35–17

6g7=2 4.44–11 2.50–11 1.41–11 7.90–12 4.42–12 2.44–12 1.31–12 6.39–13 2.60–13 8.13–14 1.94–14 3.72–15 5.76–16 6.35–17 4.28–18
6g9=2 5.48–11 3.08–11 1.74–11 9.74–12 5.45–12 3.01–12 1.61–12 7.87–13 3.20–13 9.99–14 2.38–14 4.56–15 7.05–16 7.76–17 5.24–18

6h9=2 1.98–11 1.12–11 6.27–12 3.52–12 1.96–12 1.07–12 5.56–13 2.53–13 9.13–14 2.49–14 5.34–15 9.66–16 1.46–16 1.59–17 1.07–18
6h11=2 2.36–11 1.32–11 7.45–12 4.18–12 2.33–12 1.27–12 6.60–13 3.00–13 1.08–13 2.95–14 6.32–15 1.14–15 1.72–16 1.88–17 1.27–18
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Table 1 (continued)

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

7s1=2 9.34–12 5.25–12 2.96–12 1.66–12 9.36–13 5.27–13 2.96–13 1.67–13 9.32–14 5.09–14 2.62–14 1.18–14 4.11–15 9.35–16 1.35–16
7p1=2 1.11–11 6.23–12 3.51–12 1.97–12 1.11–12 6.24–13 3.51–13 1.98–13 1.10–13 5.82–14 2.72–14 1.02–14 2.76–15 4.75–16 5.02–17
7p3=2 2.55–11 1.43–11 8.06–12 4.53–12 2.55–12 1.43–12 8.02–13 4.45–13 2.40–13 1.20–13 5.17–14 1.76–14 4.33–15 6.71–16 6.19–17

7d3=2 2.79–11 1.57–11 8.83–12 4.96–12 2.79–12 1.56–12 8.69–13 4.72–13 2.40–13 1.06–13 3.69–14 9.72–15 1.86–15 2.31–16 1.68–17
7d5=2 4.05–11 2.28–11 1.28–11 7.21–12 4.05–12 2.27–12 1.26–12 6.81–13 3.44–13 1.49–13 5.13–14 1.33–14 2.49–15 3.05–16 2.20–17
7f 5=2 3.80–11 2.14–11 1.20–11 6.76–12 3.79–12 2.11–12 1.16–12 5.99–13 2.74–13 1.01–13 2.81–14 6.02–15 9.89–16 1.12–16 7.63–18

7f 7=2 4.98–11 2.80–11 1.58–11 8.86–12 4.97–12 2.77–12 1.51–12 7.84–13 3.58–13 1.31–13 3.63–14 7.74–15 1.27–15 1.43–16 9.75–18

7g7=2 3.88–11 2.18–11 1.23–11 6.90–12 3.86–12 2.14–12 1.14–12 5.58–13 2.27–13 7.09–14 1.69–14 3.24–15 5.01–16 5.52–17 3.72–18
7g9=2 4.80–11 2.70–11 1.52–11 8.53–12 4.77–12 2.64–12 1.41–12 6.89–13 2.80–13 8.72–14 2.07–14 3.97–15 6.14–16 6.76–17 4.56–18
7h9=2 2.74–11 1.54–11 8.67–12 4.87–12 2.71–12 1.48–12 7.69–13 3.50–13 1.26–13 3.44–14 7.38–15 1.34–15 2.01–16 2.20–17 1.48–18
7h11=2 3.26–11 1.83–11 1.03–11 5.79–12 3.23–12 1.76–12 9.14–13 4.16–13 1.50–13 4.08–14 8.75–15 1.58–15 2.39–16 2.61–17 1.75–18
7i11=2 1.00–11 5.64–12 3.17–12 1.78–12 9.87–13 5.32–13 2.65–13 1.11–13 3.58–14 8.75–15 1.75–15 3.08–16 4.59–17 4.99–18 3.35–19
7i13=2 1.16–11 6.54–12 3.68–12 2.06–12 1.14–12 6.16–13 3.07–13 1.29–13 4.15–14 1.01–14 2.03–15 3.56–16 5.30–17 5.77–18 3.87–19
8s1=2 6.53–12 3.67–12 2.07–12 1.16–12 6.54–13 3.68–13 2.07–13 1.16–13 6.43–14 3.47–14 1.77–14 7.91–15 2.74–15 6.21–16 8.95–17
8p1=2 7.63–12 4.29–12 2.42–12 1.36–12 7.65–13 4.30–13 2.42–13 1.36–13 7.52–14 3.95–14 1.83–14 6.83–15 1.84–15 3.18–16 3.35–17
8p3=2 1.79–11 1.01–11 5.67–12 3.19–12 1.79–12 1.01–12 5.62–13 3.11–13 1.66–13 8.23–14 3.52–14 1.19–14 2.92–15 4.52–16 4.16–17
8d3=2 1.97–11 1.11–11 6.24–12 3.51–12 1.97–12 1.11–12 6.14–13 3.33–13 1.68–13 7.36–14 2.56–14 6.72–15 1.28–15 1.59–16 1.16–17
8d5=2 2.87–11 1.62–11 9.09–12 5.11–12 2.87–12 1.61–12 8.92–13 4.82–13 2.42–13 1.04–13 3.57–14 9.18–15 1.72–15 2.11–16 1.52–17
8f 5=2 2.81–11 1.58–11 8.90–12 5.00–12 2.81–12 1.56–12 8.55–13 4.43–13 2.02–13 7.38–14 2.05–14 4.39–15 7.21–16 8.16–17 5.56–18

8f 7=2 3.69–11 2.08–11 1.17–11 6.57–12 3.69–12 2.05–12 1.12–12 5.80–13 2.64–13 9.60–14 2.66–14 5.66–15 9.25–16 1.04–16 7.12–18

8g7=2 3.17–11 1.78–11 1.00–11 5.64–12 3.16–12 1.74–12 9.32–13 4.55–13 1.85–13 5.76–14 1.37–14 2.63–15 4.06–16 4.47–17 3.02–18
8g9=2 3.93–11 2.21–11 1.24–11 6.98–12 3.91–12 2.16–12 1.15–12 5.63–13 2.28–13 7.09–14 1.68–14 3.22–15 4.98–16 5.49–17 3.70–18

8h9=2 2.76–11 1.55–11 8.74–12 4.90–12 2.73–12 1.50–12 7.75–13 3.53–13 1.27–13 3.46–14 7.41–15 1.34–15 2.02–16 2.21–17 1.49–18
8h11=2 3.29–11 1.85–11 1.04–11 5.84–12 3.26–12 1.78–12 9.22–13 4.20–13 1.51–13 4.11–14 8.80–15 1.59–15 2.40–16 2.62–17 1.76–18
8i11=2 1.65–11 9.29–12 5.23–12 2.93–12 1.62–12 8.75–13 4.36–13 1.83–13 5.90–14 1.44–14 2.89–15 5.06–16 7.55–17 8.21–18 5.51–19
8i13=2 1.92–11 1.08–11 6.06–12 3.40–12 1.88–12 1.02–12 5.06–13 2.13–13 6.83–14 1.67–14 3.34–15 5.86–16 8.73–17 9.50–18 6.38–19
9s1=2 4.76–12 2.68–12 1.51–12 8.49–13 4.78–13 2.68–13 1.51–13 8.41–14 4.63–14 2.47–14 1.25–14 5.55–15 1.92–15 4.33–16 6.24–17
9p1=2 5.52–12 3.10–12 1.75–12 9.83–13 5.53–13 3.11–13 1.75–13 9.79–14 5.38–14 2.81–14 1.29–14 4.80–15 1.29–15 2.22–16 2.34–17
9p3=2 1.31–11 7.38–12 4.16–12 2.34–12 1.31–12 7.37–13 4.12–13 2.26–13 1.20–13 5.89–14 2.50–14 8.45–15 2.06–15 3.18–16 2.93–17
9d3=2 1.45–11 8.16–12 4.59–12 2.58–12 1.45–12 8.13–13 4.51–13 2.43–13 1.22–13 5.32–14 1.84–14 4.82–15 9.18–16 1.14–16 8.22–18
9d5=2 2.12–11 1.19–11 6.70–12 3.77–12 2.12–12 1.19–12 6.57–13 3.53–13 1.76–13 7.57–14 2.57–14 6.60–15 1.23–15 1.51–16 1.09–17
9f 5=2 2.13–11 1.20–11 6.73–12 3.79–12 2.12–12 1.18–12 6.46–13 3.34–13 1.52–13 5.52–14 1.53–14 3.27–15 5.37–16 6.07–17 4.14–18

9f 7=2 2.80–11 1.57–11 8.86–12 4.98–12 2.79–12 1.56–12 8.49–13 4.38–13 1.98–13 7.19–14 1.98–14 4.22–15 6.89–16 7.78–17 5.31–18
9g7=2 2.55–11 1.43–11 8.07–12 4.53–12 2.54–12 1.40–12 7.48–13 3.65–13 1.48–13 4.60–14 1.09–14 2.09–15 3.23–16 3.56–17 2.40–18
9g9=2 3.16–11 1.78–11 1.00–11 5.62–12 3.14–12 1.74–12 9.27–13 4.52–13 1.83–13 5.67–14 1.34–14 2.57–15 3.97–16 4.37–17 2.95–18

9h9=2 2.50–11 1.41–11 7.91–12 4.44–12 2.48–12 1.35–12 7.01–13 3.19–13 1.15–13 3.12–14 6.68–15 1.21–15 1.82–16 1.99–17 1.34–18
9h11=2 2.98–11 1.68–11 9.43–12 5.29–12 2.95–12 1.61–12 8.36–13 3.80–13 1.37–13 3.71–14 7.94–15 1.43–15 2.16–16 2.36–17 1.59–18
9i11=2 1.89–11 1.06–11 5.97–12 3.34–12 1.86–12 1.00–12 4.98–13 2.09–13 6.73–14 1.64–14 3.29–15 5.77–16 8.60–17 9.35–18 6.28–19
9i13=2 2.19–11 1.23–11 6.93–12 3.88–12 2.15–12 1.16–12 5.78–13 2.43–13 7.80–14 1.90–14 3.81–15 6.68–16 9.96–17 1.08–17 7.27–19
10s1=2 3.60–12 2.03–12 1.14–12 6.42–13 3.61–13 2.03–13 1.14–13 6.32–14 3.45–14 1.83–14 9.12–15 4.04–15 1.39–15 3.14–16 4.52–17
10p1=2 4.14–12 2.33–12 1.31–12 7.38–13 4.15–13 2.33–13 1.31–13 7.30–14 3.99–14 2.07–14 9.47–15 3.50–15 9.41–16 1.62–16 1.71–17
10p3=2 9.96–12 5.61–12 3.16–12 1.78–12 9.98–13 5.60–13 3.12–13 1.71–13 8.97–14 4.37–14 1.84–14 6.19–15 1.51–15 2.33–16 2.14–17

10d3=2 1.10–11 6.20–12 3.49–12 1.96–12 1.10–12 6.17–13 3.42–13 1.84–13 9.19–14 3.97–14 1.37–14 3.57–15 6.79–16 8.44–17 6.09–18
10d5=2 1.61–11 9.07–12 5.10–12 2.87–12 1.61–12 9.02–13 4.99–13 2.67–13 1.33–13 5.66–14 1.91–14 4.90–15 9.15–16 1.12–16 8.06–18
10f 5=2 1.64–11 9.26–12 5.21–12 2.93–12 1.64–12 9.15–13 4.99–13 2.57–13 1.16–13 4.22–14 1.17–14 2.49–15 4.08–16 4.62–17 3.23–18

10f 7=2 2.17–11 1.22–11 6.86–12 3.86–12 2.16–12 1.20–12 6.57–13 3.38–13 1.52–13 5.50–14 1.51–14 3.21–15 5.24–16 5.92–17 4.08–18
10g7=2 2.05–11 1.15–11 6.49–12 3.64–12 2.04–12 1.13–12 6.01–13 2.93–13 1.18–13 3.67–14 8.70–15 1.67–15 2.57–16 2.83–17 1.91–18
10g9=2 2.54–11 1.43–11 8.05–12 4.52–12 2.53–12 1.40–12 7.46–13 3.63–13 1.46–13 4.52–14 1.07–14 2.05–15 3.16–16 3.48–17 2.35–18
10h9=2 2.17–11 1.22–11 6.86–12 3.85–12 2.15–12 1.17–12 6.07–13 2.76–13 9.92–14 2.69–14 5.76–15 1.04–15 1.57–16 1.72–17 1.15–18
10h11=2 2.58–11 1.45–11 8.18–12 4.60–12 2.56–12 1.40–12 7.25–13 3.29–13 1.18–13 3.20–14 6.85–15 1.24–15 1.87–16 2.04–17 1.37–18
10i11=2 1.87–11 1.05–11 5.93–12 3.32–12 1.84–12 9.94–13 4.95–13 2.08–13 6.68–14 1.63–14 3.26–15 5.72–16 8.52–17 9.27–18 6.22–19
10i13=2 2.17–11 1.22–11 6.89–12 3.86–12 2.14–12 1.15–12 5.75–13 2.41–13 7.74–14 1.89–14 3.78–15 6.62–16 9.87–17 1.07–17 7.21–19
11s1=2 2.80–12 1.58–12 8.88–13 5.00–13 2.81–13 1.58–13 8.82–14 4.88–14 2.64–14 1.38–14 6.87–15 3.03–15 1.04–15 2.35–16 3.37–17
11p1=2 3.20–12 1.80–12 1.01–12 5.70–13 3.21–13 1.80–13 1.01–13 5.61–14 3.04–14 1.56–14 7.13–15 2.63–15 7.07–16 1.21–16 1.28–17
11p3=2 7.77–12 4.37–12 2.46–12 1.39–12 7.79–13 4.36–13 2.42–13 1.32–13 6.89–14 3.32–14 1.39–14 4.67–15 1.13–15 1.75–16 1.60–17

11d3=2 8.59–12 4.83–12 2.72–12 1.53–12 8.60–13 4.81–13 2.66–13 1.42–13 7.07–14 3.04–14 1.04–14 2.72–15 5.16–16 6.40–17 4.59–18
11d5=2 1.26–11 7.08–12 3.99–12 2.24–12 1.26–12 7.04–13 3.89–13 2.07–13 1.02–13 4.33–14 1.46–14 3.73–15 6.96–16 8.52–17 6.06–18
11f 5=2 1.30–11 7.30–12 4.11–12 2.31–12 1.30–12 7.22–13 3.93–13 2.02–13 9.09–14 3.28–14 9.06–15 1.93–15 3.17–16 3.57–17 2.43–18

11f 7=2 1.71–11 9.63–12 5.42–12 3.05–12 1.71–12 9.52–13 5.18–13 2.65–13 1.19–13 4.28–14 1.18–14 2.49–15 4.07–16 4.59–17 3.13–18

11g7=2 1.66–11 9.33–12 5.25–12 2.95–12 1.65–12 9.13–13 4.86–13 2.36–13 9.53–14 2.95–14 6.98–15 1.33–15 2.06–16 2.27–17 1.53–18
11g9=2 2.06–11 1.16–11 6.53–12 3.67–12 2.05–12 1.13–12 6.04–13 2.93–13 1.18–13 3.64–14 8.60–15 1.64–15 2.53–16 2.79–17 1.88–18

11h9=2 1.84–11 1.04–11 5.84–12 3.28–12 1.83–12 1.00–12 5.17–13 2.35–13 8.43–14 2.28–14 4.88–15 8.83–16 1.33–16 1.45–17 9.77–19
11h11=2 2.20–11 1.24–11 6.98–12 3.92–12 2.19–12 1.19–12 6.18–13 2.80–13 1.00–13 2.72–14 5.81–15 1.05–15 1.58–16 1.73–17 1.16–18
11i11=2 1.74–11 9.81–12 5.52–12 3.10–12 1.72–12 9.25–13 4.61–13 1.93–13 6.20–14 1.51–14 3.03–15 5.31–16 7.91–17 8.60–18 5.78–19
11i13=2 2.03–11 1.14–11 6.42–12 3.60–12 2.00–12 1.08–12 5.36–13 2.24–13 7.20–14 1.75–14 3.51–15 6.15–16 9.17–17 9.97–18 6.69–19
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Table 1 (continued)

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

12s1=2 2.23–12 1.26–12 7.07–13 3.98–13 2.24–13 1.26–13 7.00–14 3.85–14 2.07–14 1.07–14 5.30–15 2.33–15 7.98–16 1.80–16 2.59–17
12p1=2 2.53–12 1.42–12 8.02–13 4.52–13 2.54–13 1.43–13 7.97–14 4.40–14 2.37–14 1.21–14 5.50–15 2.02–15 5.42–16 9.30–17 9.81–18
12p3=2 6.20–12 3.49–12 1.97–12 1.11–12 6.21–13 3.48–13 1.93–13 1.04–13 5.40–14 2.59–14 1.08–14 3.61–15 8.75–16 1.35–16 1.24–17

12d3=2 6.84–12 3.85–12 2.17–12 1.22–12 6.85–13 3.83–13 2.11–13 1.13–13 5.56–14 2.37–14 8.12–15 2.11–15 4.00–16 4.96–17 3.53–18
12d5=2 1.00–11 5.65–12 3.18–12 1.79–12 1.01–12 5.61–13 3.09–13 1.64–13 8.04–14 3.39–14 1.14–14 2.90–15 5.41–16 6.63–17 4.72–18
12f 5=2 1.04–11 5.87–12 3.30–12 1.86–12 1.04–12 5.79–13 3.15–13 1.61–13 7.22–14 2.60–14 7.16–15 1.52–15 2.49–16 2.80–17 1.90–18

12f 7=2 1.38–11 7.75–12 4.36–12 2.45–12 1.38–12 7.65–13 4.15–13 2.12–13 9.47–14 3.39–14 9.29–15 1.97–15 3.21–16 3.63–17 2.46–18

12g7=2 1.36–11 7.63–12 4.30–12 2.42–12 1.35–12 7.46–13 3.97–13 1.92–13 7.74–14 2.39–14 5.65–15 1.08–15 1.67–16 1.83–17 1.24–18
12g9=2 1.69–11 9.49–12 5.34–12 3.00–12 1.68–12 9.27–13 4.93–13 2.39–13 9.58–14 2.95–14 6.96–15 1.33–15 2.05–16 2.26–17 1.52–18
12h9=2 1.56–11 8.80–12 4.95–12 2.78–12 1.55–12 8.48–13 4.38–13 1.98–13 7.11–14 1.92–14 4.11–15 7.43–16 1.12–16 1.22–17 8.22–19
12h11=2 1.87–11 1.05–11 5.92–12 3.33–12 1.85–12 1.01–12 5.23–13 2.37–13 8.48–14 2.29–14 4.89–15 8.84–16 1.33–16 1.45–17 9.78–19
12i11=2 1.57–11 8.84–12 4.98–12 2.79–12 1.55–12 8.34–13 4.15–13 1.74–13 5.58–14 1.36–14 2.72–15 4.77–16 7.10–17 7.72–18 5.19–19
12i13=2 1.83–11 1.03–11 5.79–12 3.25–12 1.80–12 9.70–13 4.83–13 2.02–13 6.47–14 1.58–14 3.15–15 5.53–16 8.23–17 8.95–18 6.01–19
total 5.51–09 3.10–09 1.74–09 9.79–10 5.46–10 3.00–10 1.59–10 7.89–11 3.60–11 1.48–11 5.35–12 1.65–12 4.05–13 6.86–14 7.59–15

W70þ

2p1=2 4.82–10 2.71–10 1.52–10 8.57–11 4.82–11 2.71–11 1.52–11 8.47–12 4.64–12 2.42–12 1.13–12 4.29–13 1.18–13 2.08–14 2.24–15
2p3=2 7.71–10 4.34–10 2.44–10 1.37–10 7.71–11 4.33–11 2.43–11 1.35–11 7.35–12 3.77–12 1.70–12 6.06–13 1.55–13 2.48–14 2.36–15
3s1=2 1.21–10 6.80–11 3.82–11 2.15–11 1.21–11 6.80–12 3.83–12 2.15–12 1.21–12 6.79–13 3.64–13 1.72–13 6.17–14 1.43–14 2.11–15
3p1=2 1.52–10 8.57–11 4.82–11 2.71–11 1.52–11 8.56–12 4.81–12 2.69–12 1.48–12 7.86–13 3.72–13 1.42–13 3.94–14 6.90–15 7.41–16
3p3=2 2.82–10 1.59–10 8.92–11 5.02–11 2.82–11 1.58–11 8.88–12 4.95–12 2.70–12 1.39–12 6.24–13 2.22–13 5.62–14 8.92–15 8.41–16
3d3=2 2.10–10 1.18–10 6.66–11 3.74–11 2.10–11 1.18–11 6.56–12 3.58–12 1.84–12 8.34–13 3.03–13 8.27–14 1.62–14 2.04–15 1.50–16
3d5=2 2.91–10 1.64–10 9.20–11 5.17–11 2.91–11 1.63–11 9.06–12 4.93–12 2.53–12 1.14–12 4.06–13 1.09–13 2.10–14 2.61–15 1.90–16
4s1=2 5.40–11 3.04–11 1.71–11 9.61–12 5.40–12 3.04–12 1.71–12 9.64–13 5.43–13 3.03–13 1.60–13 7.42–14 2.62–14 6.01–15 8.75–16
4p1=2 6.66–11 3.75–11 2.11–11 1.18–11 6.66–12 3.75–12 2.10–12 1.18–12 6.54–13 3.47–13 1.65–13 6.26–14 1.72–14 3.00–15 3.21–16
4p3=2 1.34–10 7.51–11 4.23–11 2.38–11 1.34–11 7.50–12 4.21–12 2.34–12 1.28–12 6.54–13 2.92–13 1.02–13 2.57–14 4.04–15 3.78–16

4d3=2 1.26–10 7.08–11 3.98–11 2.24–11 1.26–11 7.05–12 3.93–12 2.14–12 1.11–12 5.01–13 1.82–13 4.96–14 9.68–15 1.22–15 8.96–17
4d5=2 1.78–10 9.99–11 5.62–11 3.16–11 1.77–11 9.95–12 5.54–12 3.02–12 1.55–12 6.95–13 2.48–13 6.63–14 1.27–14 1.58–15 1.15–16
4f 5=2 9.75–11 5.48–11 3.08–11 1.73–11 9.73–12 5.43–12 2.98–12 1.57–12 7.37–13 2.83–13 8.24–14 1.82–14 3.05–15 3.48–16 2.38–17

4f 7=2 1.26–10 7.06–11 3.97–11 2.23–11 1.25–11 6.99–12 3.84–12 2.01–12 9.45–13 3.61–13 1.05–13 2.31–14 3.84–15 4.37–16 2.99–17
5s1=2 2.92–11 1.64–11 9.25–12 5.20–12 2.92–12 1.65–12 9.26–13 5.21–13 2.93–13 1.62–13 8.47–14 3.85–14 1.34–14 3.06–15 4.42–16
5p1=2 3.52–11 1.98–11 1.11–11 6.27–12 3.52–12 1.98–12 1.11–12 6.25–13 3.47–13 1.84–13 8.67–14 3.28–14 8.95–15 1.56–15 1.66–16
5p3=2 7.43–11 4.18–11 2.35–11 1.32–11 7.43–12 4.18–12 2.34–12 1.30–12 7.08–13 3.60–13 1.58–13 5.51–14 1.37–14 2.14–15 2.00–16

5d3=2 7.56–11 4.25–11 2.39–11 1.35–11 7.56–12 4.24–12 2.36–12 1.29–12 6.64–13 3.00–13 1.08–13 2.94–14 5.73–15 7.21–16 5.28–17
5d5=2 1.08–10 6.08–11 3.42–11 1.92–11 1.08–11 6.05–12 3.37–12 1.83–12 9.39–13 4.20–13 1.49–13 3.97–14 7.59–15 9.42–16 6.84–17
5f 5=2 8.39–11 4.72–11 2.65–11 1.49–11 8.37–12 4.67–12 2.57–12 1.35–12 6.35–13 2.43–13 7.09–14 1.57–14 2.62–15 2.99–16 2.04–17

5f 7=2 1.09–10 6.12–11 3.44–11 1.93–11 1.08–11 6.06–12 3.33–12 1.75–12 8.19–13 3.13–13 9.06–14 1.99–14 3.32–15 3.77–16 2.58–17

5g7=2 4.77–11 2.68–11 1.51–11 8.48–12 4.75–12 2.63–12 1.42–12 7.08–13 2.99–13 9.77–14 2.42–14 4.75–15 7.42–16 8.20–17 5.54–18
5g9=2 5.85–11 3.29–11 1.85–11 1.04–11 5.82–12 3.23–12 1.74–12 8.66–13 3.65–13 1.19–13 2.94–14 5.77–15 9.01–16 9.96–17 6.73–18
6s1=2 1.78–11 1.00–11 5.64–12 3.17–12 1.78–12 1.00–12 5.65–13 3.18–13 1.78–13 9.73–14 5.01–14 2.25–14 7.77–15 1.76–15 2.53–16
6p1=2 2.11–11 1.19–11 6.67–12 3.75–12 2.11–12 1.19–12 6.67–13 3.74–13 2.07–13 1.09–13 5.12–14 1.92–14 5.22–15 9.04–16 9.60–17
6p3=2 4.60–11 2.59–11 1.46–11 8.19–12 4.61–12 2.59–12 1.45–12 8.05–13 4.35–13 2.19–13 9.54–14 3.28–14 8.11–15 1.27–15 1.17–16

6d3=2 4.83–11 2.72–11 1.53–11 8.60–12 4.83–12 2.71–12 1.51–12 8.23–13 4.23–13 1.90–13 6.83–14 1.84–14 3.58–15 4.50–16 3.29–17
6d5=2 6.95–11 3.91–11 2.20–11 1.24–11 6.95–12 3.89–12 2.17–12 1.18–12 6.02–13 2.68–13 9.44–14 2.50–14 4.77–15 5.91–16 4.28–17
6f 5=2 6.20–11 3.48–11 1.96–11 1.10–11 6.18–12 3.45–12 1.90–12 9.96–13 4.68–13 1.79–13 5.20–14 1.15–14 1.92–15 2.18–16 1.49–17

6f 7=2 8.08–11 4.54–11 2.55–11 1.44–11 8.05–12 4.49–12 2.47–12 1.29–12 6.07–13 2.31–13 6.67–14 1.46–14 2.43–15 2.77–16 1.89–17

6g7=2 5.34–11 3.00–11 1.69–11 9.49–12 5.31–12 2.95–12 1.59–12 7.92–13 3.35–13 1.09–13 2.70–14 5.30–15 8.29–16 9.16–17 6.19–18
6g9=2 6.57–11 3.69–11 2.08–11 1.17–11 6.54–12 3.62–12 1.95–12 9.73–13 4.10–13 1.34–13 3.30–14 6.47–15 1.01–15 1.12–16 7.54–18
6h9=2 2.39–11 1.34–11 7.56–12 4.24–12 2.37–12 1.30–12 6.82–13 3.19–13 1.20–13 3.42–14 7.56–15 1.39–15 2.11–16 2.30–17 1.55–18
6h11=2 2.83–11 1.59–11 8.96–12 5.03–12 2.81–12 1.54–12 8.09–13 3.78–13 1.42–13 4.04–14 8.93–15 1.64–15 2.49–16 2.72–17 1.83–18
7s1=2 1.18–11 6.64–12 3.73–12 2.10–12 1.18–12 6.64–13 3.73–13 2.09–13 1.16–13 6.30–14 3.20–14 1.42–14 4.89–15 1.10–15 1.58–16
7p1=2 1.37–11 7.72–12 4.34–12 2.44–12 1.37–12 7.73–13 4.34–13 2.43–13 1.34–13 7.05–14 3.27–14 1.22–14 3.30–15 5.70–16 6.04–17
7p3=2 3.08–11 1.73–11 9.74–12 5.47–12 3.08–12 1.73–12 9.67–13 5.36–13 2.88–13 1.43–13 6.18–14 2.11–14 5.19–15 8.07–16 7.47–17

7d3=2 3.27–11 1.84–11 1.04–11 5.83–12 3.27–12 1.83–12 1.02–12 5.56–13 2.85–13 1.27–13 4.54–14 1.22–14 2.36–15 2.97–16 2.17–17
7d5=2 4.73–11 2.66–11 1.50–11 8.42–12 4.73–12 2.65–12 1.47–12 8.00–13 4.07–13 1.80–13 6.30–14 1.66–14 3.16–15 3.91–16 2.83–17
7f 5=2 4.51–11 2.54–11 1.43–11 8.03–12 4.50–12 2.51–12 1.38–12 7.25–13 3.40–13 1.29–13 3.75–14 8.26–15 1.38–15 1.57–16 1.07–17

7f 7=2 5.90–11 3.32–11 1.87–11 1.05–11 5.89–12 3.29–12 1.80–12 9.45–13 4.42–13 1.68–13 4.83–14 1.06–14 1.76–15 2.00–16 1.36–17
7g7=2 4.66–11 2.62–11 1.47–11 8.28–12 4.64–12 2.57–12 1.39–12 6.91–13 2.92–13 9.50–14 2.35–14 4.60–15 7.19–16 7.95–17 5.37–18
7g9=2 5.75–11 3.23–11 1.82–11 1.02–11 5.72–12 3.17–12 1.71–12 8.51–13 3.58–13 1.17–13 2.87–14 5.62–15 8.78–16 9.70–17 6.55–18

7h9=2 3.30–11 1.85–11 1.04–11 5.85–12 3.27–12 1.79–12 9.42–13 4.41–13 1.66–13 4.72–14 1.04–14 1.91–15 2.90–16 3.18–17 2.14–18
7h11=2 3.91–11 2.20–11 1.24–11 6.95–12 3.88–12 2.13–12 1.12–12 5.23–13 1.97–13 5.58–14 1.23–14 2.26–15 3.43–16 3.75–17 2.53–18
7i11=2 1.21–11 6.80–12 3.82–12 2.14–12 1.19–12 6.47–13 3.28–13 1.43–13 4.81–14 1.22–14 2.50–15 4.43–16 6.63–17 7.21–18 4.85–19
7i13=2 1.40–11 7.87–12 4.42–12 2.48–12 1.38–12 7.49–13 3.80–13 1.65–13 5.55–14 1.41–14 2.89–15 5.11–16 7.65–17 8.32–18 5.59–19
8s1=2 8.28–12 4.66–12 2.62–12 1.47–12 8.29–13 4.66–13 2.62–13 1.46–13 8.08–14 4.32–14 2.17–14 9.57–15 3.27–15 7.35–16 1.05–16
8p1=2 9.51–12 5.35–12 3.01–12 1.69–12 9.52–13 5.35–13 3.01–13 1.68–13 9.24–14 4.81–14 2.21–14 8.21–15 2.22–15 3.82–16 4.05–17
8p3=2 2.17–11 1.22–11 6.88–12 3.87–12 2.18–12 1.22–12 6.82–13 3.76–13 2.01–13 9.90–14 4.23–14 1.44–14 3.51–15 5.45–16 5.04–17
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Table 1 (continued)

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

8d3=2 2.32–11 1.31–11 7.35–12 4.14–12 2.32–12 1.30–12 7.24–13 3.93–13 2.00–13 8.90–14 3.16–14 8.46–15 1.64–15 2.05–16 1.50–17
8d5=2 3.37–11 1.90–11 1.07–11 6.00–12 3.37–12 1.89–12 1.05–12 5.68–13 2.87–13 1.26–13 4.40–14 1.15–14 2.19–15 2.71–16 1.96–17
8f 5=2 3.34–11 1.88–11 1.06–11 5.94–12 3.33–12 1.86–12 1.02–12 5.35–13 2.50–13 9.50–14 2.74–14 6.03–15 1.00–15 1.14–16 7.82–18

8f 7=2 4.38–11 2.46–11 1.39–11 7.79–12 4.37–12 2.44–12 1.34–12 7.00–13 3.26–13 1.23–13 3.53–14 7.73–15 1.28–15 1.46–16 9.95–18
8g7=2 3.80–11 2.14–11 1.20–11 6.76–12 3.79–12 2.10–12 1.13–12 5.64–13 2.37–13 7.72–14 1.91–14 3.73–15 5.83–16 6.44–17 4.35–18
8g9=2 4.70–11 2.65–11 1.49–11 8.36–12 4.68–12 2.59–12 1.40–12 6.95–13 2.92–13 9.49–14 2.34–14 4.56–15 7.12–16 7.87–17 5.32–18

8h9=2 3.32–11 1.86–11 1.05–11 5.89–12 3.29–12 1.81–12 9.48–13 4.43–13 1.67–13 4.74–14 1.05–14 1.92–15 2.91–16 3.19–17 2.14–18
8h11=2 3.95–11 2.22–11 1.25–11 7.01–12 3.91–12 2.15–12 1.13–12 5.27–13 1.98–13 5.62–14 1.24–14 2.27–15 3.45–16 3.77–17 2.54–18
8i11=2 1.99–11 1.12–11 6.28–12 3.52–12 1.96–12 1.06–12 5.39–13 2.34–13 7.89–14 2.00–14 4.11–15 7.27–16 1.09–16 1.18–17 7.96–19
8i13=2 2.30–11 1.29–11 7.28–12 4.08–12 2.27–12 1.23–12 6.24–13 2.71–13 9.13–14 2.32–14 4.75–15 8.40–16 1.26–16 1.37–17 9.19–19
9s1=2 6.07–12 3.42–12 1.92–12 1.08–12 6.09–13 3.42–13 1.92–13 1.07–13 5.85–14 3.09–14 1.54–14 6.74–15 2.29–15 5.14–16 7.37–17
9p1=2 6.90–12 3.88–12 2.18–12 1.23–12 6.92–13 3.89–13 2.18–13 1.22–13 6.64–14 3.43–14 1.57–14 5.79–15 1.56–15 2.68–16 2.83–17
9p3=2 1.60–11 9.01–12 5.07–12 2.85–12 1.60–12 8.99–13 5.02–13 2.76–13 1.46–13 7.13–14 3.02–14 1.02–14 2.49–15 3.85–16 3.56–17

9d3=2 1.71–11 9.65–12 5.43–12 3.05–12 1.72–12 9.61–13 5.34–13 2.89–13 1.46–13 6.46–14 2.28–14 6.09–15 1.17–15 1.47–16 1.07–17
9d5=2 2.49–11 1.40–11 7.89–12 4.44–12 2.49–12 1.40–12 7.75–13 4.18–13 2.10–13 9.17–14 3.18–14 8.32–15 1.58–15 1.95–16 1.41–17
9f 5=2 2.53–11 1.42–11 8.00–12 4.50–12 2.52–12 1.41–12 7.72–13 4.04–13 1.88–13 7.11–14 2.05–14 4.49–15 7.47–16 8.51–17 5.82–18

9f 7=2 3.32–11 1.87–11 1.05–11 5.91–12 3.32–12 1.85–12 1.01–12 5.29–13 2.46–13 9.23–14 2.64–14 5.76–15 9.55–16 1.09–16 7.42–18
9g7=2 3.06–11 1.72–11 9.67–12 5.43–12 3.04–12 1.69–12 9.08–13 4.52–13 1.90–13 6.16–14 1.52–14 2.97–15 4.64–16 5.12–17 3.46–18
9g9=2 3.78–11 2.13–11 1.20–11 6.73–12 3.77–12 2.09–12 1.12–12 5.58–13 2.34–13 7.58–14 1.86–14 3.64–15 5.67–16 6.27–17 4.23–18
9h9=2 3.00–11 1.69–11 9.49–12 5.33–12 2.98–12 1.63–12 8.57–13 4.01–13 1.51–13 4.27–14 9.42–15 1.73–15 2.62–16 2.87–17 1.93–18
9h11=2 3.57–11 2.01–11 1.13–11 6.35–12 3.54–12 1.95–12 1.02–12 4.76–13 1.79–13 5.07–14 1.12–14 2.05–15 3.11–16 3.40–17 2.29–18
9i11=2 2.26–11 1.27–11 7.16–12 4.02–12 2.23–12 1.21–12 6.15–13 2.67–13 8.99–14 2.28–14 4.68–15 8.28–16 1.24–16 1.35–17 9.06–19
9i13=2 2.63–11 1.48–11 8.31–12 4.66–12 2.59–12 1.41–12 7.13–13 3.10–13 1.04–13 2.64–14 5.41–15 9.57–16 1.43–16 1.56–17 1.05–18
10s1=2 4.61–12 2.60–12 1.46–12 8.21–13 4.62–13 2.59–13 1.45–13 8.05–14 4.37–14 2.29–14 1.13–14 4.92–15 1.67–15 3.74–16 5.34–17
10p1=2 5.20–12 2.92–12 1.65–12 9.26–13 5.20–13 2.92–13 1.64–13 9.10–14 4.94–14 2.53–14 1.15–14 4.23–15 1.14–15 1.96–16 2.07–17
10p3=2 1.22–11 6.87–12 3.87–12 2.17–12 1.22–12 6.85–13 3.81–13 2.08–13 1.09–13 5.30–14 2.23–14 7.49–15 1.82–15 2.82–16 2.60–17

10d3=2 1.31–11 7.35–12 4.14–12 2.33–12 1.31–12 7.31–13 4.06–13 2.19–13 1.10–13 4.83–14 1.70–14 4.52–15 8.70–16 1.09–16 7.84–18
10d5=2 1.90–11 1.07–11 6.03–12 3.39–12 1.90–12 1.07–12 5.90–13 3.17–13 1.59–13 6.87–14 2.37–14 6.18–15 1.17–15 1.44–16 1.03–17
10f 5=2 1.95–11 1.10–11 6.19–12 3.48–12 1.95–12 1.09–12 5.96–13 3.11–13 1.44–13 5.43–14 1.56–14 3.42–15 5.68–16 6.46–17 4.42–18

10f 7=2 2.57–11 1.45–11 8.14–12 4.58–12 2.57–12 1.43–12 7.84–13 4.08–13 1.89–13 7.06–14 2.01–14 4.39–15 7.27–16 8.26–17 5.66–18

10g7=2 2.46–11 1.38–11 7.78–12 4.37–12 2.45–12 1.36–12 7.29–13 3.62–13 1.52–13 4.92–14 1.21–14 2.36–15 3.69–16 4.08–17 2.75–18
10g9=2 3.04–11 1.71–11 9.64–12 5.41–12 3.03–12 1.68–12 9.03–13 4.48–13 1.87–13 6.05–14 1.48–14 2.90–15 4.52–16 4.99–17 3.37–18

10h9=2 2.60–11 1.46–11 8.23–12 4.62–12 2.58–12 1.42–12 7.43–13 3.47–13 1.30–13 3.68–14 8.12–15 1.49–15 2.26–16 2.47–17 1.66–18
10h11=2 3.10–11 1.74–11 9.81–12 5.51–12 3.07–12 1.69–12 8.85–13 4.13–13 1.55–13 4.37–14 9.64–15 1.77–15 2.68–16 2.93–17 1.97–18
10i11=2 2.25–11 1.26–11 7.11–12 3.99–12 2.22–12 1.20–12 6.10–13 2.65–13 8.92–14 2.26–14 4.63–15 8.20–16 1.23–16 1.33–17 8.97–19
10i13=2 2.61–11 1.47–11 8.26–12 4.63–12 2.57–12 1.40–12 7.08–13 3.07–13 1.03–13 2.62–14 5.36–15 9.48–16 1.42–16 1.54–17 1.04–18
11s1=2 3.59–12 2.02–12 1.14–12 6.41–13 3.60–13 2.02–13 1.13–13 6.23–14 3.36–14 1.74–14 8.53–15 3.70–15 1.25–15 2.80–16 4.00–17
11p1=2 4.02–12 2.26–12 1.27–12 7.18–13 4.03–13 2.26–13 1.27–13 7.01–14 3.78–14 1.92–14 8.68–15 3.18–15 8.54–16 1.47–16 1.55–17
11p3=2 9.54–12 5.37–12 3.02–12 1.70–12 9.56–13 5.35–13 2.97–13 1.62–13 8.42–14 4.05–14 1.69–14 5.66–15 1.37–15 2.12–16 1.96–17
11d3=2 1.02–11 5.74–12 3.23–12 1.82–12 1.02–12 5.71–13 3.16–13 1.70–13 8.50–14 3.71–14 1.30–14 3.44–15 6.62–16 8.27–17 5.94–18
11d5=2 1.49–11 8.38–12 4.72–12 2.65–12 1.49–12 8.33–13 4.60–13 2.47–13 1.23–13 5.27–14 1.81–14 4.72–15 8.91–16 1.10–16 7.76–18
11f 5=2 1.54–11 8.67–12 4.88–12 2.75–12 1.54–12 8.59–13 4.70–13 2.44–13 1.13–13 4.23–14 1.21–14 2.65–15 4.41–16 5.03–17 3.38–18

11f 7=2 2.03–11 1.14–11 6.43–12 3.62–12 2.03–12 1.13–12 6.18–13 3.21–13 1.48–13 5.50–14 1.57–14 3.41–15 5.64–16 6.40–17 4.37–18

11g7=2 1.99–11 1.12–11 6.29–12 3.54–12 1.98–12 1.10–12 5.90–13 2.92–13 1.22–13 3.95–14 9.69–15 1.89–15 2.95–16 3.26–17 2.20–18
11g9=2 2.47–11 1.39–11 7.81–12 4.39–12 2.46–12 1.36–12 7.31–13 3.62–13 1.51–13 4.86–14 1.19–14 2.32–15 3.62–16 4.00–17 2.70–18

11h9=2 2.21–11 1.25–11 7.01–12 3.94–12 2.20–12 1.21–12 6.32–13 2.95–13 1.10–13 3.12–14 6.88–15 1.26–15 1.91–16 2.09–17 1.41–18
11h11=2 2.64–11 1.49–11 8.36–12 4.70–12 2.62–12 1.44–12 7.54–13 3.51–13 1.31–13 3.71–14 8.17–15 1.50–15 2.27–16 2.48–17 1.67–18
11i11=2 2.09–11 1.18–11 6.62–12 3.72–12 2.07–12 1.12–12 5.68–13 2.47–13 8.28–14 2.10–14 4.30–15 7.60–16 1.14–16 1.24–17 8.31–19
11i13=2 2.43–11 1.37–11 7.69–12 4.32–12 2.40–12 1.30–12 6.60–13 2.86–13 9.60–14 2.43–14 4.97–15 8.80–16 1.32–16 1.43–17 9.62–19
12s1=2 2.87–12 1.62–12 9.09–13 5.12–13 2.88–13 1.61–13 8.98–14 4.93–14 2.64–14 1.36–14 6.60–15 2.85–15 9.62–16 2.15–16 3.07–17
12p1=2 3.19–12 1.80–12 1.01–12 5.69–13 3.20–13 1.79–13 1.00–13 5.52–14 2.96–14 1.49–14 6.71–15 2.45–15 6.57–16 1.13–16 1.19–17
12p3=2 7.64–12 4.30–12 2.42–12 1.36–12 7.65–13 4.28–13 2.37–13 1.28–13 6.62–14 3.16–14 1.31–14 4.38–15 1.06–15 1.64–16 1.51–17

12d3=2 8.15–12 4.58–12 2.58–12 1.45–12 8.15–13 4.56–13 2.51–13 1.35–13 6.69–14 2.90–14 1.01–14 2.68–15 5.15–16 6.41–17 4.58–18
12d5=2 1.19–11 6.70–12 3.77–12 2.12–12 1.19–12 6.65–13 3.67–13 1.96–13 9.66–14 4.13–14 1.41–14 3.67–15 6.93–16 8.61–17 6.03–18
12f 5=2 1.24–11 6.97–12 3.92–12 2.21–12 1.24–12 6.89–13 3.76–13 1.95–13 8.97–14 3.35–14 9.57–15 2.09–15 3.46–16 3.93–17 2.68–18

12f 7=2 1.63–11 9.19–12 5.18–12 2.91–12 1.63–12 9.09–13 4.96–13 2.56–13 1.18–13 4.36–14 1.24–14 2.69–15 4.46–16 5.10–17 3.41–18
12g7=2 1.63–11 9.15–12 5.15–12 2.89–12 1.62–12 8.98–13 4.82–13 2.38–13 9.93–14 3.20–14 7.84–15 1.53–15 2.39–16 2.64–17 1.78–18
12g9=2 2.02–11 1.14–11 6.39–12 3.60–12 2.01–12 1.11–12 5.98–13 2.95–13 1.23–13 3.94–14 9.64–15 1.88–15 2.93–16 3.23–17 2.18–18
12h9=2 1.88–11 1.06–11 5.94–12 3.34–12 1.86–12 1.02–12 5.36–13 2.49–13 9.32–14 2.63–14 5.79–15 1.06–15 1.61–16 1.76–17 1.18–18
12h11=2 2.24–11 1.26–11 7.10–12 3.99–12 2.23–12 1.22–12 6.39–13 2.97–13 1.11–13 3.13–14 6.88–15 1.26–15 1.91–16 2.09–17 1.41–18
12i11=2 1.88–11 1.06–11 5.97–12 3.35–12 1.86–12 1.01–12 5.12–13 2.22–13 7.45–14 1.89–14 3.86–15 6.82–16 1.02–16 1.11–17 7.46–19
12i13=2 2.19–11 1.23–11 6.94–12 3.89–12 2.17–12 1.17–12 5.95–13 2.58–13 8.64–14 2.19–14 4.47–15 7.90–16 1.18–16 1.29–17 8.64–19
total 7.75–09 4.36–09 2.45–09 1.38–09 7.70–10 4.25–10 2.29–10 1.17–10 5.57–11 2.42–11 9.34–12 3.04–12 7.59–13 1.27–13 1.35–14

W72þ

2s1=2 3.98–10 2.24–10 1.26–10 7.08–11 3.98–11 2.24–11 1.26–11 7.07–12 3.97–12 2.21–12 1.18–12 5.64–13 2.07–13 4.94–14 7.45–15
(continued on next page)
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Table 1 (continued)

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

2p1=2 4.82–10 2.71–10 1.52–10 8.57–11 4.82–11 2.71–11 1.52–11 8.47–12 4.64–12 2.43–12 1.14–12 4.32–13 1.20–13 2.11–14 2.29–15
2p3=2 7.68–10 4.32–10 2.43–10 1.37–10 7.68–11 4.32–11 2.42–11 1.35–11 7.33–12 3.77–12 1.70–12 6.09–13 1.56–13 2.51–14 2.40–15
3s1=2 1.28–10 7.19–11 4.04–11 2.27–11 1.28–11 7.19–12 4.05–12 2.28–12 1.28–12 7.14–13 3.82–13 1.79–13 6.42–14 1.49–14 2.20–15
3p1=2 1.58–10 8.89–11 5.00–11 2.81–11 1.58–11 8.88–12 4.99–12 2.79–12 1.54–12 8.13–13 3.85–13 1.47–13 4.08–14 7.17–15 7.73–16
3p3=2 2.91–10 1.64–10 9.20–11 5.17–11 2.91–11 1.63–11 9.16–12 5.10–12 2.78–12 1.43–12 6.45–13 2.29–13 5.82–14 9.27–15 8.76–16
3d3=2 2.16–10 1.21–10 6.82–11 3.84–11 2.16–11 1.21–11 6.73–12 3.67–12 1.90–12 8.63–13 3.16–13 8.68–14 1.71–14 2.16–15 1.59–16
3d5=2 2.98–10 1.68–10 9.42–11 5.30–11 2.98–11 1.67–11 9.28–12 5.06–12 2.60–12 1.17–12 4.23–13 1.14–13 2.21–14 2.76–15 2.01–16
4s1=2 5.76–11 3.24–11 1.82–11 1.02–11 5.76–12 3.24–12 1.82–12 1.03–12 5.78–13 3.21–13 1.69–13 7.80–14 2.75–14 6.30–15 9.16–16
4p1=2 7.00–11 3.93–11 2.21–11 1.24–11 7.00–12 3.93–12 2.21–12 1.24–12 6.85–13 3.64–13 1.72–13 6.54–14 1.80–14 3.15–15 3.37–16
4p3=2 1.39–10 7.84–11 4.41–11 2.48–11 1.39–11 7.83–12 4.39–12 2.44–12 1.33–12 6.82–13 3.04–13 1.07–13 2.68–14 4.23–15 3.97–16

4d3=2 1.31–10 7.35–11 4.13–11 2.32–11 1.31–11 7.32–12 4.08–12 2.23–12 1.15–12 5.24–13 1.92–13 5.25–14 1.03–14 1.30–15 9.59–17
4d5=2 1.84–10 1.04–10 5.82–11 3.27–11 1.84–11 1.03–11 5.74–12 3.13–12 1.61–12 7.26–13 2.61–13 7.02–14 1.35–14 1.69–15 1.23–16
4f 5=2 1.03–10 5.78–11 3.25–11 1.83–11 1.03–11 5.72–12 3.15–12 1.66–12 7.86–13 3.05–13 9.00–14 2.01–14 3.37–15 3.86–16 2.64–17

4f 7=2 1.32–10 7.43–11 4.18–11 2.35–11 1.32–11 7.36–12 4.04–12 2.13–12 1.01–12 3.88–13 1.14–13 2.53–14 4.24–15 4.84–16 3.31–17
5s1=2 3.13–11 1.76–11 9.91–12 5.57–12 3.14–12 1.76–12 9.92–13 5.58–13 3.13–13 1.73–13 8.98–14 4.07–14 1.41–14 3.21–15 4.65–16
5p1=2 3.72–11 2.09–11 1.18–11 6.63–12 3.73–12 2.09–12 1.18–12 6.60–13 3.66–13 1.94–13 9.10–14 3.44–14 9.40–15 1.64–15 1.75–16
5p3=2 7.81–11 4.39–11 2.47–11 1.39–11 7.81–12 4.39–12 2.46–12 1.37–12 7.42–13 3.77–13 1.66–13 5.78–14 1.44–14 2.26–15 2.10–16

5d3=2 7.89–11 4.44–11 2.50–11 1.40–11 7.89–12 4.42–12 2.46–12 1.35–12 6.95–13 3.16–13 1.15–13 3.13–14 6.12–15 7.74–16 5.68–17
5d5=2 1.13–10 6.33–11 3.56–11 2.00–11 1.12–11 6.30–12 3.51–12 1.91–12 9.82–13 4.41–13 1.58–13 4.22–14 8.11–15 1.01–15 7.34–17
5f 5=2 8.83–11 4.97–11 2.79–11 1.57–11 8.81–12 4.92–12 2.71–12 1.43–12 6.77–13 2.62–13 7.73–14 1.72–14 2.89–15 3.31–16 2.26–17

5f 7=2 1.14–10 6.44–11 3.62–11 2.03–11 1.14–11 6.37–12 3.51–12 1.85–12 8.72–13 3.36–13 9.86–14 2.19–14 3.66–15 4.17–16 2.86–17

5g7=2 5.06–11 2.85–11 1.60–11 9.00–12 5.04–12 2.79–12 1.51–12 7.57–13 3.23–13 1.07–13 2.68–14 5.30–15 8.32–16 9.21–17 6.22–18
5g9=2 6.20–11 3.49–11 1.96–11 1.10–11 6.17–12 3.42–12 1.85–12 9.26–13 3.95–13 1.30–13 3.26–14 6.44–15 1.01–15 1.12–16 7.55–18
6s1=2 1.92–11 1.08–11 6.07–12 3.41–12 1.92–12 1.08–12 6.07–13 3.41–13 1.90–13 1.04–13 5.33–14 2.38–14 8.20–15 1.85–15 2.67–16
6p1=2 2.24–11 1.26–11 7.08–12 3.98–12 2.24–12 1.26–12 7.07–13 3.96–13 2.19–13 1.16–13 5.39–14 2.02–14 5.50–15 9.54–16 1.01–16
6p3=2 4.85–11 2.73–11 1.54–11 8.64–12 4.86–12 2.73–12 1.53–12 8.48–13 4.58–13 2.31–13 1.00–13 3.46–14 8.55–15 1.33–15 1.24–16

6d3=2 5.06–11 2.85–11 1.60–11 9.01–12 5.06–12 2.84–12 1.58–12 8.62–13 4.44–13 2.01–13 7.25–14 1.97–14 3.84–15 4.84–16 3.55–17
6d5=2 7.27–11 4.09–11 2.30–11 1.29–11 7.27–12 4.07–12 2.27–12 1.23–12 6.32–13 2.82–13 1.00–13 2.67–14 5.11–15 6.35–16 4.61–17
6f 5=2 6.53–11 3.67–11 2.06–11 1.16–11 6.51–12 3.64–12 2.00–12 1.05–12 4.99–13 1.93–13 5.67–14 1.26–14 2.12–15 2.42–16 1.66–17

6f 7=2 8.50–11 4.78–11 2.69–11 1.51–11 8.48–12 4.73–12 2.60–12 1.37–12 6.46–13 2.49–13 7.27–14 1.61–14 2.69–15 3.06–16 2.09–17

6g7=2 5.66–11 3.18–11 1.79–11 1.01–11 5.63–12 3.12–12 1.69–12 8.46–13 3.61–13 1.20–13 3.00–14 5.92–15 9.28–16 1.03–16 6.95–18
6g9=2 6.95–11 3.91–11 2.20–11 1.24–11 6.92–12 3.84–12 2.07–12 1.04–12 4.43–13 1.46–13 3.66–14 7.21–15 1.13–15 1.25–16 8.45–18
6h9=2 2.53–11 1.43–11 8.02–12 4.50–12 2.51–12 1.38–12 7.28–13 3.43–13 1.31–13 3.78–14 8.43–15 1.56–15 2.37–16 2.59–17 1.74–18
6h11=2 3.00–11 1.69–11 9.49–12 5.33–12 2.98–12 1.64–12 8.62–13 4.06–13 1.55–13 4.46–14 9.95–15 1.84–15 2.79–16 3.05–17 2.06–18
7s1=2 1.27–11 7.16–12 4.03–12 2.26–12 1.27–12 7.16–13 4.02–13 2.25–13 1.25–13 6.75–14 3.42–14 1.51–14 5.17–15 1.16–15 1.67–16
7p1=2 1.46–11 8.22–12 4.62–12 2.60–12 1.46–12 8.22–13 4.62–13 2.59–13 1.43–13 7.46–14 3.45–14 1.29–14 3.48–15 6.02–16 6.40–17
7p3=2 3.25–11 1.83–11 1.03–11 5.79–12 3.25–12 1.83–12 1.02–12 5.66–13 3.04–13 1.51–13 6.52–14 2.23–14 5.48–15 8.53–16 7.91–17

7d3=2 3.44–11 1.93–11 1.09–11 6.11–12 3.44–12 1.93–12 1.07–12 5.84–13 3.00–13 1.35–13 4.83–14 1.31–14 2.54–15 3.20–16 2.34–17
7d5=2 4.96–11 2.79–11 1.57–11 8.82–12 4.96–12 2.78–12 1.54–12 8.39–13 4.28–13 1.90–13 6.70–14 1.77–14 3.39–15 4.21–16 3.05–17
7f 5=2 4.76–11 2.67–11 1.50–11 8.46–12 4.75–12 2.65–12 1.46–12 7.67–13 3.62–13 1.40–13 4.09–14 9.09–15 1.52–15 1.74–16 1.19–17

7f 7=2 6.22–11 3.50–11 1.97–11 1.11–11 6.20–12 3.46–12 1.90–12 1.00–12 4.71–13 1.80–13 5.26–14 1.16–14 1.94–15 2.21–16 1.51–17
7g7=2 4.93–11 2.77–11 1.56–11 8.77–12 4.91–12 2.73–12 1.47–12 7.38–13 3.15–13 1.04–13 2.60–14 5.14–15 8.05–16 8.91–17 6.02–18
7g9=2 6.08–11 3.42–11 1.92–11 1.08–11 6.05–12 3.36–12 1.81–12 9.09–13 3.87–13 1.28–13 3.18–14 6.27–15 9.81–16 1.09–16 7.34–18
7h9=2 3.49–11 1.96–11 1.11–11 6.20–12 3.46–12 1.91–12 1.00–12 4.73–13 1.81–13 5.20–14 1.16–14 2.14–15 3.26–16 3.57–17 2.40–18
7h11=2 4.15–11 2.33–11 1.31–11 7.36–12 4.11–12 2.26–12 1.19–12 5.61–13 2.14–13 6.16–14 1.37–14 2.53–15 3.85–16 4.21–17 2.84–18
7i11=2 1.28–11 7.21–12 4.06–12 2.27–12 1.27–12 6.88–13 3.51–13 1.54–13 5.26–14 1.35–14 2.80–15 4.97–16 7.44–17 8.10–18 5.44–19
7i13=2 1.48–11 8.35–12 4.69–12 2.63–12 1.46–12 7.96–13 4.05–13 1.78–13 6.08–14 1.56–14 3.23–15 5.73–16 8.58–17 9.35–18 6.28–19
8s1=2 8.95–12 5.03–12 2.83–12 1.59–12 8.95–13 5.03–13 2.82–13 1.58–13 8.69–14 4.64–14 2.32–14 1.02–14 3.46–15 7.77–16 1.11–16
8p1=2 1.01–11 5.71–12 3.21–12 1.81–12 1.02–12 5.71–13 3.20–13 1.79–13 9.82–14 5.10–14 2.34–14 8.68–15 2.34–15 4.04–16 4.29–17
8p3=2 2.30–11 1.30–11 7.29–12 4.10–12 2.30–12 1.29–12 7.22–13 3.98–13 2.12–13 1.05–13 4.47–14 1.52–14 3.71–15 5.77–16 5.34–17

8d3=2 2.45–11 1.38–11 7.74–12 4.35–12 2.44–12 1.37–12 7.62–13 4.14–13 2.11–13 9.43–14 3.36–14 9.06–15 1.76–15 2.21–16 1.63–17
8d5=2 3.54–11 1.99–11 1.12–11 6.30–12 3.54–12 1.98–12 1.10–12 5.97–13 3.03–13 1.33–13 4.68–14 1.23–14 2.35–15 2.92–16 2.12–17
8f 5=2 3.52–11 1.98–11 1.11–11 6.27–12 3.52–12 1.96–12 1.08–12 5.67–13 2.67–13 1.02–13 2.99–14 6.63–15 1.11–15 1.27–16 8.67–18

8f 7=2 4.62–11 2.60–11 1.46–11 8.21–12 4.61–12 2.57–12 1.41–12 7.41–13 3.48–13 1.33–13 3.85–14 8.49–15 1.41–15 1.61–16 1.10–17

8g7=2 4.03–11 2.27–11 1.27–11 7.16–12 4.01–12 2.23–12 1.20–12 6.02–13 2.56–13 8.45–14 2.11–14 4.16–15 6.52–16 7.22–17 4.88–18
8g9=2 4.98–11 2.80–11 1.57–11 8.85–12 4.96–12 2.75–12 1.48–12 7.42–13 3.15–13 1.04–13 2.58–14 5.09–15 7.96–16 8.81–17 5.95–18
8h9=2 3.51–11 1.98–11 1.11–11 6.24–12 3.49–12 1.92–12 1.01–12 4.76–13 1.81–13 5.23–14 1.17–14 2.15–15 3.27–16 3.58–17 2.41–18
8h11=2 4.18–11 2.35–11 1.32–11 7.42–12 4.14–12 2.28–12 1.20–12 5.65–13 2.15–13 6.19–14 1.38–14 2.54–15 3.86–16 4.23–17 2.85–18
8i11=2 2.10–11 1.18–11 6.66–12 3.73–12 2.08–12 1.13–12 5.76–13 2.53–13 8.64–14 2.22–14 4.59–15 8.15–16 1.22–16 1.33–17 8.93–19
8i13=2 2.44–11 1.37–11 7.71–12 4.32–12 2.41–12 1.31–12 6.66–13 2.93–13 9.99–14 2.57–14 5.30–15 9.41–16 1.41–16 1.53–17 1.03–18
9s1=2 6.57–12 3.69–12 2.08–12 1.17–12 6.58–13 3.69–13 2.07–13 1.15–13 6.30–14 3.33–14 1.65–14 7.17–15 2.43–15 5.44–16 7.78–17
9p1=2 7.37–12 4.15–12 2.33–12 1.31–12 7.38–13 4.15–13 2.33–13 1.30–13 7.07–14 3.64–14 1.66–14 6.12–15 1.65–15 2.84–16 3.00–17
9p3=2 1.70–11 9.57–12 5.38–12 3.03–12 1.70–12 9.54–13 5.32–13 2.92–13 1.54–13 7.55–14 3.19–14 1.08–14 2.63–15 4.08–16 3.77–17
9d3=2 1.81–11 1.02–11 5.72–12 3.22–12 1.81–12 1.01–12 5.62–13 3.04–13 1.55–13 6.85–14 2.43–14 6.52–15 1.26–15 1.59–16 1.15–17
9d5=2 2.62–11 1.48–11 8.30–12 4.67–12 2.62–12 1.47–12 8.15–13 4.40–13 2.22–13 9.71–14 3.39–14 8.91–15 1.69–15 2.10–16 1.51–17
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Table 1 (continued)

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

9f 5=2 2.66–11 1.50–11 8.43–12 4.74–12 2.66–12 1.48–12 8.15–13 4.28–13 2.01–13 7.67–14 2.23–14 4.94–15 8.26–16 9.42–17 6.45–18

9f 7=2 3.50–11 1.97–11 1.11–11 6.23–12 3.49–12 1.95–12 1.07–12 5.60–13 2.62–13 9.95–14 2.88–14 6.33–15 1.05–15 1.20–16 8.20–18
9g7=2 3.23–11 1.82–11 1.02–11 5.75–12 3.22–12 1.79–12 9.64–13 4.83–13 2.05–13 6.75–14 1.68–14 3.31–15 5.19–16 5.74–17 3.88–18
9g9=2 4.00–11 2.25–11 1.27–11 7.11–12 3.98–12 2.21–12 1.19–12 5.96–13 2.53–13 8.29–14 2.06–14 4.05–15 6.34–16 7.01–17 4.74–18

9h9=2 3.18–11 1.79–11 1.01–11 5.65–12 3.15–12 1.73–12 9.13–13 4.30–13 1.64–13 4.71–14 1.05–14 1.94–15 2.94–16 3.22–17 2.17–18
9h11=2 3.78–11 2.13–11 1.20–11 6.72–12 3.75–12 2.06–12 1.09–12 5.11–13 1.94–13 5.58–14 1.24–14 2.29–15 3.48–16 3.81–17 2.56–18
9i11=2 2.40–11 1.35–11 7.59–12 4.26–12 2.37–12 1.29–12 6.56–13 2.88–13 9.84–14 2.53–14 5.22–15 9.27–16 1.39–16 1.51–17 1.02–18
9i13=2 2.78–11 1.56–11 8.80–12 4.94–12 2.75–12 1.49–12 7.61–13 3.34–13 1.14–13 2.93–14 6.04–15 1.07–15 1.60–16 1.75–17 1.17–18
10s1=2 4.99–12 2.81–12 1.58–12 8.89–13 5.00–13 2.81–13 1.57–13 8.70–14 4.72–14 2.47–14 1.21–14 5.24–15 1.77–15 3.95–16 5.65–17
10p1=2 5.56–12 3.13–12 1.76–12 9.90–13 5.57–13 3.13–13 1.75–13 9.72–14 5.26–14 2.69–14 1.22–14 4.48–15 1.20–15 2.07–16 2.20–17
10p3=2 1.30–11 7.30–12 4.11–12 2.31–12 1.30–12 7.28–13 4.05–13 2.21–13 1.16–13 5.62–14 2.36–14 7.93–15 1.93–15 2.99–16 2.76–17

10d3=2 1.38–11 7.74–12 4.36–12 2.45–12 1.38–12 7.71–13 4.28–13 2.31–13 1.17–13 5.13–14 1.81–14 4.84–15 9.37–16 1.17–16 8.42–18
10d5=2 2.00–11 1.13–11 6.35–12 3.57–12 2.00–12 1.12–12 6.21–13 3.34–13 1.68–13 7.28–14 2.53–14 6.63–15 1.26–15 1.56–16 1.12–17
10f 5=2 2.06–11 1.16–11 6.52–12 3.67–12 2.06–12 1.15–12 6.30–13 3.30–13 1.54–13 5.86–14 1.70–14 3.76–15 6.28–16 7.16–17 4.90–18

10f 7=2 2.71–11 1.52–11 8.58–12 4.82–12 2.71–12 1.51–12 8.28–13 4.32–13 2.01–13 7.61–14 2.20–14 4.82–15 8.02–16 9.13–17 6.25–18

10g7=2 2.60–11 1.46–11 8.22–12 4.62–12 2.59–12 1.44–12 7.74–13 3.87–13 1.64–13 5.38–14 1.34–14 2.64–15 4.13–16 4.57–17 3.09–18
10g9=2 3.22–11 1.81–11 1.02–11 5.73–12 3.21–12 1.78–12 9.58–13 4.78–13 2.02–13 6.62–14 1.64–14 3.23–15 5.05–16 5.58–17 3.77–18
10h9=2 2.75–11 1.55–11 8.71–12 4.89–12 2.73–12 1.50–12 7.91–13 3.72–13 1.41–13 4.06–14 9.05–15 1.67–15 2.53–16 2.77–17 1.87–18
10h11=2 3.28–11 1.85–11 1.04–11 5.83–12 3.26–12 1.79–12 9.42–13 4.43–13 1.68–13 4.82–14 1.07–14 1.98–15 3.00–16 3.28–17 2.21–18
10i11=2 2.38–11 1.34–11 7.54–12 4.23–12 2.35–12 1.28–12 6.51–13 2.86–13 9.75–14 2.51–14 5.17–15 9.18–16 1.37–16 1.50–17 1.01–18
10i13=2 2.76–11 1.55–11 8.74–12 4.90–12 2.73–12 1.48–12 7.55–13 3.31–13 1.13–13 2.90–14 5.98–15 1.06–15 1.59–16 1.73–17 1.16–18
11s1=2 3.90–12 2.19–12 1.23–12 6.94–13 3.90–13 2.19–13 1.22–13 6.74–14 3.63–14 1.88–14 9.15–15 3.94–15 1.33–15 2.96–16 4.23–17
11p1=2 4.31–12 2.42–12 1.36–12 7.67–13 4.32–13 2.42–13 1.35–13 7.49–14 4.03–14 2.05–14 9.21–15 3.37–15 9.04–16 1.55–16 1.65–17
11p3=2 1.02–11 5.71–12 3.22–12 1.81–12 1.02–12 5.70–13 3.16–13 1.72–13 8.95–14 4.29–14 1.79–14 5.99–15 1.46–15 2.25–16 2.08–17
11d3=2 1.08–11 6.06–12 3.41–12 1.92–12 1.08–12 6.03–13 3.34–13 1.79–13 9.00–14 3.93–14 1.38–14 3.69–15 7.12–16 8.90–17 6.39–18
11d5=2 1.57–11 8.83–12 4.97–12 2.80–12 1.57–12 8.78–13 4.85–13 2.60–13 1.30–13 5.59–14 1.93–14 5.06–15 9.59–16 1.18–16 8.41–18
11f 5=2 1.63–11 9.15–12 5.15–12 2.90–12 1.62–12 9.06–13 4.96–13 2.59–13 1.20–13 4.57–14 1.32–14 2.91–15 4.87–16 5.56–17 3.85–18

11f 7=2 2.14–11 1.20–11 6.78–12 3.81–12 2.14–12 1.19–12 6.53–13 3.40–13 1.58–13 5.94–14 1.71–14 3.74–15 6.23–16 7.09–17 4.91–18

11g7=2 2.10–11 1.18–11 6.66–12 3.74–12 2.10–12 1.16–12 6.26–13 3.12–13 1.32–13 4.32–14 1.07–14 2.11–15 3.30–16 3.66–17 2.47–18
11g9=2 2.61–11 1.47–11 8.26–12 4.65–12 2.60–12 1.44–12 7.76–13 3.86–13 1.63–13 5.32–14 1.32–14 2.59–15 4.04–16 4.47–17 3.02–18

11h9=2 2.34–11 1.32–11 7.42–12 4.17–12 2.33–12 1.28–12 6.73–13 3.16–13 1.20–13 3.44–14 7.66–15 1.41–15 2.14–16 2.35–17 1.58–18
11h11=2 2.80–11 1.57–11 8.85–12 4.97–12 2.78–12 1.53–12 8.02–13 3.77–13 1.43–13 4.09–14 9.09–15 1.67–15 2.54–16 2.78–17 1.87–18
11i11=2 2.22–11 1.25–11 7.01–12 3.94–12 2.19–12 1.19–12 6.06–13 2.66–13 9.06–14 2.32–14 4.79–15 8.51–16 1.27–16 1.39–17 9.33–19
11i13=2 2.57–11 1.45–11 8.15–12 4.57–12 2.54–12 1.38–12 7.04–13 3.08–13 1.05–13 2.69–14 5.55–15 9.85–16 1.47–16 1.61–17 1.08–18
12s1=2 3.11–12 1.75–12 9.85–13 5.55–13 3.12–13 1.75–13 9.73–14 5.34–14 2.85–14 1.46–14 7.08–15 3.04–15 1.02–15 2.28–16 3.25–17
12p1=2 3.41–12 1.92–12 1.08–12 6.09–13 3.42–13 1.92–13 1.07–13 5.90–14 3.15–14 1.59–14 7.12–15 2.60–15 6.96–16 1.19–16 1.26–17
12p3=2 8.12–12 4.57–12 2.57–12 1.45–12 8.14–13 4.55–13 2.52–13 1.36–13 7.04–14 3.35–14 1.39–14 4.64–15 1.13–15 1.74–16 1.60–17
12d3=2 8.59–12 4.84–12 2.72–12 1.53–12 8.60–13 4.81–13 2.66–13 1.42–13 7.09–14 3.08–14 1.08–14 2.87–15 5.55–16 6.93–17 4.96–18
12d5=2 1.25–11 7.06–12 3.97–12 2.24–12 1.26–12 7.02–13 3.87–13 2.07–13 1.02–13 4.39–14 1.51–14 3.94–15 7.46–16 9.17–17 6.50–18
12f 5=2 1.30–11 7.34–12 4.13–12 2.33–12 1.31–12 7.27–13 3.98–13 2.07–13 9.58–14 3.62–14 1.04–14 2.30–15 3.86–16 4.38–17 2.99–18

12f 7=2 1.72–11 9.68–12 5.45–12 3.07–12 1.72–12 9.59–13 5.24–13 2.72–13 1.25–13 4.71–14 1.35–14 2.96–15 4.93–16 5.58–17 3.81–18
12g7=2 1.72–11 9.67–12 5.45–12 3.06–12 1.72–12 9.51–13 5.11–13 2.54–13 1.07–13 3.50–14 8.68–15 1.71–15 2.67–16 2.95–17 2.00–18
12g9=2 2.13–11 1.20–11 6.76–12 3.80–12 2.13–12 1.18–12 6.34–13 3.15–13 1.32–13 4.31–14 1.07–14 2.09–15 3.27–16 3.62–17 2.44–18

12h9=2 1.99–11 1.12–11 6.29–12 3.54–12 1.97–12 1.09–12 5.70–13 2.68–13 1.01–13 2.90–14 6.45–15 1.19–15 1.80–16 1.97–17 1.33–18
12h11=2 2.37–11 1.33–11 7.51–12 4.22–12 2.36–12 1.30–12 6.80–13 3.19–13 1.21–13 3.45–14 7.65–15 1.41–15 2.14–16 2.34–17 1.58–18
12i11=2 2.00–11 1.12–11 6.32–12 3.55–12 1.97–12 1.07–12 5.46–13 2.39–13 8.14–14 2.09–14 4.30–15 7.64–16 1.14–16 1.25–17 8.37–19
12i13=2 2.32–11 1.30–11 7.34–12 4.12–12 2.29–12 1.25–12 6.34–13 2.78–13 9.44–14 2.42–14 4.98–15 8.84–16 1.32–16 1.44–17 9.69–19
total 8.48–09 4.77–09 2.68–09 1.51–09 8.43–10 4.66–10 2.51–10 1.29–10 6.22–11 2.75–11 1.09–11 3.72–12 9.96–13 1.81–13 2.15–14

W73þ

1s1=2 1.34–09 7.53–10 4.23–10 2.38–10 1.34–10 7.52–11 4.23–11 2.37–11 1.33–11 7.31–12 3.87–12 1.84–12 6.90–13 1.72–13 2.75–14
2s1=2 4.09–10 2.30–10 1.29–10 7.27–11 4.09–11 2.30–11 1.29–11 7.26–12 4.07–12 2.26–12 1.21–12 5.77–13 2.12–13 5.06–14 7.63–15
2p1=2 4.94–10 2.78–10 1.56–10 8.79–11 4.94–11 2.78–11 1.56–11 8.69–12 4.77–12 2.50–12 1.17–12 4.47–13 1.24–13 2.20–14 2.39–15
2p3=2 7.85–10 4.41–10 2.48–10 1.40–10 7.85–11 4.41–11 2.47–11 1.37–11 7.49–12 3.86–12 1.74–12 6.28–13 1.62–13 2.61–14 2.50–15
3s1=2 1.32–10 7.43–11 4.18–11 2.35–11 1.32–11 7.43–12 4.18–12 2.35–12 1.32–12 7.37–13 3.93–13 1.84–13 6.59–14 1.53–14 2.26–15
3p1=2 1.62–10 9.12–11 5.13–11 2.88–11 1.62–11 9.11–12 5.12–12 2.86–12 1.58–12 8.36–13 3.97–13 1.53–13 4.24–14 7.49–15 8.09–16
3p3=2 2.98–10 1.68–10 9.42–11 5.30–11 2.98–11 1.67–11 9.39–12 5.23–12 2.85–12 1.47–12 6.63–13 2.37–13 6.04–14 9.64–15 9.14–16

3d3=2 2.22–10 1.25–10 7.03–11 3.95–11 2.22–11 1.25–11 6.94–12 3.79–12 1.96–12 8.96–13 3.30–13 9.12–14 1.80–14 2.29–15 1.69–16
3d5=2 3.06–10 1.72–10 9.69–11 5.45–11 3.06–11 1.72–11 9.55–12 5.21–12 2.68–12 1.22–12 4.41–13 1.20–13 2.33–14 2.92–15 2.13–16
4s1=2 5.97–11 3.36–11 1.89–11 1.06–11 5.97–12 3.36–12 1.89–12 1.06–12 5.98–13 3.32–13 1.75–13 8.04–14 2.83–14 6.48–15 9.42–16
4p1=2 7.18–11 4.04–11 2.27–11 1.28–11 7.18–12 4.04–12 2.27–12 1.27–12 7.03–13 3.74–13 1.77–13 6.78–14 1.87–14 3.29–15 3.53–16
4p3=2 1.43–10 8.04–11 4.52–11 2.54–11 1.43–11 8.03–12 4.50–12 2.51–12 1.37–12 7.01–13 3.13–13 1.11–13 2.79–14 4.41–15 4.15–16
4d3=2 1.35–10 7.56–11 4.25–11 2.39–11 1.34–11 7.54–12 4.20–12 2.30–12 1.19–12 5.44–13 2.00–13 5.52–14 1.09–14 1.38–15 1.02–16
4d5=2 1.89–10 1.06–10 5.98–11 3.36–11 1.89–11 1.06–11 5.90–12 3.22–12 1.66–12 7.52–13 2.72–13 7.36–14 1.43–14 1.78–15 1.30–16
4f 5=2 1.06–10 5.95–11 3.35–11 1.88–11 1.06–11 5.90–12 3.25–12 1.71–12 8.15–13 3.18–13 9.44–14 2.12–14 3.57–15 4.09–16 2.80–17

4f 7=2 1.36–10 7.64–11 4.30–11 2.42–11 1.36–11 7.57–12 4.16–12 2.20–12 1.04–12 4.05–13 1.20–13 2.67–14 4.48–15 5.12–16 3.51–17
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Table 1 (continued)

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

5s1=2 3.25–11 1.83–11 1.03–11 5.79–12 3.25–12 1.83–12 1.03–12 5.79–13 3.25–13 1.79–13 9.28–14 4.20–14 1.46–14 3.31–15 4.78–16
5p1=2 3.82–11 2.15–11 1.21–11 6.80–12 3.82–12 2.15–12 1.21–12 6.77–13 3.75–13 1.99–13 9.39–14 3.56–14 9.78–15 1.71–15 1.83–16
5p3=2 8.02–11 4.51–11 2.54–11 1.43–11 8.01–12 4.50–12 2.52–12 1.40–12 7.62–13 3.88–13 1.71–13 5.98–14 1.49–14 2.35–15 2.20–16

5d3=2 8.12–11 4.57–11 2.57–11 1.44–11 8.12–12 4.55–12 2.54–12 1.39–12 7.18–13 3.27–13 1.20–13 3.29–14 6.47–15 8.19–16 6.04–17
5d5=2 1.16–10 6.50–11 3.66–11 2.06–11 1.16–11 6.48–12 3.61–12 1.97–12 1.01–12 4.57–13 1.64–13 4.42–14 8.54–15 1.07–15 7.77–17
5f 5=2 9.09–11 5.12–11 2.88–11 1.62–11 9.07–12 5.07–12 2.79–12 1.47–12 7.01–13 2.73–13 8.11–14 1.82–14 3.06–15 3.50–16 2.40–17

5f 7=2 1.18–10 6.62–11 3.72–11 2.09–11 1.17–11 6.56–12 3.61–12 1.90–12 9.03–13 3.50–13 1.03–13 2.31–14 3.87–15 4.42–16 3.02–17
5g7=2 5.21–11 2.93–11 1.65–11 9.26–12 5.19–12 2.88–12 1.56–12 7.83–13 3.36–13 1.12–13 2.83–14 5.61–15 8.80–16 9.76–17 6.60–18
5g9=2 6.38–11 3.59–11 2.02–11 1.13–11 6.35–12 3.52–12 1.90–12 9.57–13 4.10–13 1.36–13 3.43–14 6.80–15 1.07–15 1.18–16 7.99–18
6s1=2 1.99–11 1.12–11 6.30–12 3.55–12 1.99–12 1.12–12 6.31–13 3.54–13 1.98–13 1.08–13 5.51–14 2.46–14 8.46–15 1.91–15 2.75–16
6p1=2 2.29–11 1.29–11 7.26–12 4.08–12 2.30–12 1.29–12 7.25–13 4.07–13 2.25–13 1.19–13 5.56–14 2.09–14 5.72–15 9.96–16 1.06–16
6p3=2 4.99–11 2.81–11 1.58–11 8.87–12 4.99–12 2.80–12 1.57–12 8.71–13 4.71–13 2.37–13 1.04–13 3.58–14 8.88–15 1.39–15 1.30–16

6d3=2 5.21–11 2.93–11 1.65–11 9.27–12 5.21–12 2.92–12 1.63–12 8.88–13 4.59–13 2.08–13 7.56–14 2.07–14 4.05–15 5.13–16 3.78–17
6d5=2 7.47–11 4.20–11 2.36–11 1.33–11 7.47–12 4.19–12 2.33–12 1.27–12 6.51–13 2.92–13 1.04–13 2.80–14 5.38–15 6.70–16 4.89–17
6f 5=2 6.72–11 3.78–11 2.13–11 1.19–11 6.70–12 3.74–12 2.06–12 1.09–12 5.17–13 2.01–13 5.95–14 1.33–14 2.24–15 2.56–16 1.76–17

6f 7=2 8.74–11 4.92–11 2.76–11 1.55–11 8.72–12 4.87–12 2.68–12 1.41–12 6.69–13 2.59–13 7.62–14 1.69–14 2.84–15 3.24–16 2.22–17
6g7=2 5.82–11 3.27–11 1.84–11 1.03–11 5.79–12 3.22–12 1.74–12 8.75–13 3.75–13 1.25–13 3.15–14 6.25–15 9.82–16 1.09–16 7.36–18
6g9=2 7.15–11 4.02–11 2.26–11 1.27–11 7.12–12 3.95–12 2.14–12 1.07–12 4.60–13 1.53–13 3.84–14 7.61–15 1.19–15 1.32–16 8.94–18

6h9=2 2.61–11 1.47–11 8.26–12 4.63–12 2.59–12 1.42–12 7.51–13 3.56–13 1.37–13 3.96–14 8.90–15 1.65–15 2.50–16 2.74–17 1.85–18
6h11=2 3.09–11 1.74–11 9.78–12 5.49–12 3.06–12 1.69–12 8.89–13 4.21–13 1.61–13 4.68–14 1.05–14 1.94–15 2.95–16 3.23–17 2.18–18
7s1=2 1.32–11 7.45–12 4.19–12 2.35–12 1.32–12 7.45–13 4.18–13 2.34–13 1.30–13 7.00–14 3.53–14 1.56–14 5.33–15 1.20–15 1.72–16
7p1=2 1.50–11 8.43–12 4.74–12 2.67–12 1.50–12 8.43–13 4.74–13 2.65–13 1.46–13 7.67–14 3.56–14 1.33–14 3.62–15 6.29–16 6.70–17
7p3=2 3.34–11 1.88–11 1.06–11 5.95–12 3.34–12 1.88–12 1.05–12 5.81–13 3.12–13 1.56–13 6.73–14 2.31–14 5.69–15 8.89–16 8.26–17
7d3=2 3.54–11 1.99–11 1.12–11 6.29–12 3.53–12 1.98–12 1.10–12 6.01–13 3.09–13 1.39–13 5.04–14 1.37–14 2.68–15 3.39–16 2.49–17
7d5=2 5.10–11 2.87–11 1.61–11 9.07–12 5.09–12 2.86–12 1.59–12 8.63–13 4.41–13 1.97–13 6.98–14 1.86–14 3.57–15 4.44–16 3.25–17
7f 5=2 4.89–11 2.75–11 1.55–11 8.70–12 4.88–12 2.73–12 1.50–12 7.92–13 3.75–13 1.45–13 4.29–14 9.58–15 1.61–15 1.84–16 1.26–17

7f 7=2 6.39–11 3.60–11 2.02–11 1.14–11 6.38–12 3.56–12 1.96–12 1.03–12 4.87–13 1.88–13 5.51–14 1.22–14 2.05–15 2.33–16 1.60–17

7g7=2 5.08–11 2.86–11 1.61–11 9.02–12 5.05–12 2.81–12 1.52–12 7.63–13 3.27–13 1.09–13 2.74–14 5.43–15 8.52–16 9.44–17 6.38–18
7g9=2 6.26–11 3.52–11 1.98–11 1.11–11 6.23–12 3.46–12 1.87–12 9.38–13 4.02–13 1.33–13 3.35–14 6.62–15 1.04–15 1.15–16 7.77–18

7h9=2 3.59–11 2.02–11 1.14–11 6.38–12 3.56–12 1.96–12 1.03–12 4.90–13 1.88–13 5.46–14 1.22–14 2.27–15 3.45–16 3.78–17 2.54–18
7h11=2 4.27–11 2.40–11 1.35–11 7.57–12 4.23–12 2.33–12 1.23–12 5.81–13 2.23–13 6.46–14 1.45–14 2.68–15 4.07–16 4.46–17 3.00–18
7i11=2 1.32–11 7.43–12 4.18–12 2.34–12 1.30–12 7.09–13 3.62–13 1.60–13 5.50–14 1.42–14 2.95–15 5.26–16 7.88–17 8.58–18 5.77–19
7i13=2 1.53–11 8.59–12 4.83–12 2.71–12 1.51–12 8.20–13 4.19–13 1.85–13 6.35–14 1.64–14 3.41–15 6.06–16 9.08–17 9.89–18 6.65–19
8s1=2 9.31–12 5.24–12 2.95–12 1.66–12 9.32–13 5.24–13 2.94–13 1.64–13 9.03–14 4.81–14 2.40–14 1.05–14 3.57–15 8.01–16 1.15–16
8p1=2 1.04–11 5.85–12 3.29–12 1.85–12 1.04–12 5.85–13 3.29–13 1.84–13 1.01–13 5.24–14 2.41–14 8.99–15 2.44–15 4.22–16 4.49–17
8p3=2 2.37–11 1.33–11 7.49–12 4.21–12 2.37–12 1.33–12 7.42–13 4.09–13 2.18–13 1.08–13 4.61–14 1.57–14 3.86–15 6.01–16 5.58–17

8d3=2 2.51–11 1.41–11 7.96–12 4.47–12 2.51–12 1.41–12 7.84–13 4.26–13 2.18–13 9.77–14 3.51–14 9.51–15 1.85–15 2.34–16 1.71–17
8d5=2 3.64–11 2.05–11 1.15–11 6.48–12 3.64–12 2.04–12 1.13–12 6.14–13 3.12–13 1.38–13 4.87–14 1.29–14 2.48–15 3.08–16 2.25–17
8f 5=2 3.62–11 2.04–11 1.15–11 6.45–12 3.62–12 2.02–12 1.11–12 5.85–13 2.76–13 1.07–13 3.14–14 6.99–15 1.17–15 1.34–16 9.19–18

8f 7=2 4.74–11 2.67–11 1.50–11 8.44–12 4.74–12 2.64–12 1.45–12 7.64–13 3.60–13 1.38–13 4.04–14 8.94–15 1.49–15 1.70–16 1.17–17
8g7=2 4.14–11 2.33–11 1.31–11 7.37–12 4.13–12 2.29–12 1.24–12 6.22–13 2.66–13 8.84–14 2.22–14 4.40–15 6.90–16 7.64–17 5.17–18
8g9=2 5.12–11 2.88–11 1.62–11 9.09–12 5.09–12 2.83–12 1.53–12 7.67–13 3.27–13 1.08–13 2.72–14 5.37–15 8.42–16 9.32–17 6.30–18
8h9=2 3.62–11 2.03–11 1.14–11 6.42–12 3.59–12 1.97–12 1.04–12 4.93–13 1.89–13 5.48–14 1.23–14 2.27–15 3.46–16 3.79–17 2.55–18
8h11=2 4.30–11 2.42–11 1.36–11 7.63–12 4.26–12 2.35–12 1.24–12 5.85–13 2.24–13 6.49–14 1.45–14 2.69–15 4.09–16 4.47–17 3.01–18
8i11=2 2.17–11 1.22–11 6.85–12 3.84–12 2.14–12 1.16–12 5.94–13 2.62–13 9.03–14 2.34–14 4.84–15 8.62–16 1.29–16 1.41–17 9.45–19
8i13=2 2.51–11 1.41–11 7.93–12 4.45–12 2.48–12 1.35–12 6.88–13 3.04–13 1.04–13 2.70–14 5.59–15 9.95–16 1.49–16 1.62–17 1.09–18
9s1=2 6.84–12 3.85–12 2.17–12 1.22–12 6.85–13 3.85–13 2.16–13 1.20–13 6.55–14 3.45–14 1.71–14 7.41–15 2.51–15 5.61–16 8.02–17
9p1=2 7.56–12 4.25–12 2.39–12 1.35–12 7.57–13 4.25–13 2.39–13 1.33–13 7.25–14 3.74–14 1.71–14 6.34–15 1.71–15 2.97–16 3.15–17
9p3=2 1.75–11 9.82–12 5.53–12 3.11–12 1.75–12 9.80–13 5.47–13 3.00–13 1.59–13 7.78–14 3.30–14 1.12–14 2.74–15 4.25–16 3.94–17

9d3=2 1.86–11 1.04–11 5.88–12 3.31–12 1.86–12 1.04–12 5.78–13 3.13–13 1.60–13 7.10–14 2.54–14 6.85–15 1.33–15 1.68–16 1.22–17
9d5=2 2.70–11 1.52–11 8.53–12 4.80–12 2.70–12 1.51–12 8.38–13 4.53–13 2.29–13 1.01–13 3.53–14 9.34–15 1.78–15 2.22–16 1.64–17
9f 5=2 2.74–11 1.54–11 8.68–12 4.88–12 2.74–12 1.53–12 8.40–13 4.41–13 2.08–13 7.99–14 2.34–14 5.21–15 8.73–16 9.98–17 6.83–18

9f 7=2 3.60–11 2.02–11 1.14–11 6.40–12 3.59–12 2.00–12 1.10–12 5.78–13 2.71–13 1.04–13 3.02–14 6.67–15 1.11–15 1.27–16 8.68–18

9g7=2 3.33–11 1.87–11 1.05–11 5.92–12 3.31–12 1.84–12 9.93–13 4.98–13 2.13–13 7.05–14 1.77–14 3.50–15 5.49–16 6.08–17 4.11–18
9g9=2 4.11–11 2.31–11 1.30–11 7.32–12 4.10–12 2.27–12 1.23–12 6.15–13 2.62–13 8.66–14 2.17–14 4.28–15 6.70–16 7.42–17 5.01–18
9h9=2 3.27–11 1.84–11 1.03–11 5.81–12 3.24–12 1.79–12 9.41–13 4.45–13 1.71–13 4.94–14 1.11–14 2.04–15 3.11–16 3.41–17 2.29–18
9h11=2 3.89–11 2.19–11 1.23–11 6.91–12 3.86–12 2.12–12 1.12–12 5.29–13 2.03–13 5.85–14 1.31–14 2.42–15 3.68–16 4.03–17 2.71–18
9i11=2 2.47–11 1.39–11 7.81–12 4.38–12 2.44–12 1.33–12 6.78–13 2.99–13 1.03–13 2.66–14 5.51–15 9.80–16 1.47–16 1.60–17 1.08–18
9i13=2 2.86–11 1.61–11 9.05–12 5.08–12 2.82–12 1.54–12 7.85–13 3.46–13 1.19–13 3.07–14 6.37–15 1.13–15 1.70–16 1.85–17 1.24–18
10s1=2 5.20–12 2.92–12 1.65–12 9.27–13 5.21–13 2.92–13 1.64–13 9.06–14 4.91–14 2.56–14 1.25–14 5.42–15 1.83–15 4.08–16 5.82–17
10p1=2 5.69–12 3.20–12 1.80–12 1.01–12 5.70–13 3.20–13 1.79–13 9.96–14 5.40–14 2.77–14 1.26–14 4.64–15 1.25–15 2.16–16 2.31–17
10p3=2 1.33–11 7.50–12 4.22–12 2.37–12 1.33–12 7.48–13 4.16–13 2.28–13 1.19–13 5.79–14 2.44–14 8.21–15 2.01–15 3.11–16 2.88–17
10d3=2 1.41–11 7.96–12 4.48–12 2.52–12 1.42–12 7.93–13 4.40–13 2.38–13 1.20–13 5.32–14 1.89–14 5.09–15 9.88–16 1.25–16 9.13–18
10d5=2 2.06–11 1.16–11 6.52–12 3.67–12 2.06–12 1.15–12 6.39–13 3.44–13 1.73–13 7.54–14 2.63–14 6.95–15 1.33–15 1.65–16 1.16–17
10f 5=2 2.12–11 1.19–11 6.71–12 3.77–12 2.12–12 1.18–12 6.49–13 3.40–13 1.60–13 6.11–14 1.79–14 3.96–15 6.64–16 7.58–17 5.19–18
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Table 1 (continued)

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

10f 7=2 2.79–11 1.57–11 8.83–12 4.96–12 2.78–12 1.55–12 8.52–13 4.46–13 2.08–13 7.93–14 2.30–14 5.08–15 8.47–16 9.65–17 6.60–18

10g7=2 2.67–11 1.50–11 8.46–12 4.76–12 2.66–12 1.48–12 7.98–13 4.00–13 1.70–13 5.63–14 1.41–14 2.78–15 4.36–16 4.83–17 3.27–18
10g9=2 3.31–11 1.86–11 1.05–11 5.89–12 3.30–12 1.83–12 9.87–13 4.94–13 2.10–13 6.92–14 1.73–14 3.41–15 5.34–16 5.91–17 3.99–18
10h9=2 2.83–11 1.59–11 8.96–12 5.03–12 2.81–12 1.55–12 8.15–13 3.85–13 1.47–13 4.26–14 9.53–15 1.76–15 2.68–16 2.93–17 1.97–18
10h11=2 3.37–11 1.90–11 1.07–11 6.00–12 3.35–12 1.84–12 9.71–13 4.58–13 1.75–13 5.05–14 1.13–14 2.09–15 3.17–16 3.47–17 2.34–18
10i11=2 2.45–11 1.38–11 7.75–12 4.35–12 2.42–12 1.32–12 6.73–13 2.97–13 1.02–13 2.63–14 5.45–15 9.70–16 1.45–16 1.58–17 1.06–18
10i13=2 2.84–11 1.60–11 8.99–12 5.04–12 2.81–12 1.53–12 7.80–13 3.44–13 1.18–13 3.05–14 6.31–15 1.12–15 1.68–16 1.83–17 1.23–18
11s1=2 4.06–12 2.29–12 1.29–12 7.24–13 4.07–13 2.28–13 1.27–13 7.02–14 3.78–14 1.95–14 9.48–15 4.08–15 1.37–15 3.06–16 4.36–17
11p1=2 4.41–12 2.48–12 1.40–12 7.86–13 4.42–13 2.48–13 1.39–13 7.68–14 4.14–14 2.10–14 9.50–15 3.49–15 9.41–16 1.62–16 1.72–17
11p3=2 1.04–11 5.87–12 3.31–12 1.86–12 1.05–12 5.85–13 3.25–13 1.77–13 9.21–14 4.43–14 1.85–14 6.21–15 1.51–15 2.35–16 2.17–17
11d3=2 1.11–11 6.23–12 3.51–12 1.97–12 1.11–12 6.20–13 3.43–13 1.85–13 9.29–14 4.08–14 1.44–14 3.88–15 7.51–16 9.39–17 6.72–18
11d5=2 1.61–11 9.07–12 5.11–12 2.87–12 1.61–12 9.02–13 4.99–13 2.68–13 1.34–13 5.80–14 2.01–14 5.30–15 1.01–15 1.33–16 8.95–18
11f 5=2 1.67–11 9.41–12 5.30–12 2.98–12 1.67–12 9.32–13 5.11–13 2.67–13 1.25–13 4.76–14 1.39–14 3.07–15 5.14–16 5.87–17 4.02–18

11f 7=2 2.20–11 1.24–11 6.98–12 3.92–12 2.20–12 1.23–12 6.72–13 3.51–13 1.63–13 6.18–14 1.79–14 3.94–15 6.58–16 7.49–17 5.12–18

11g7=2 2.16–11 1.22–11 6.86–12 3.85–12 2.16–12 1.20–12 6.45–13 3.23–13 1.37–13 4.52–14 1.13–14 2.23–15 3.49–16 3.87–17 2.61–18
11g9=2 2.68–11 1.51–11 8.50–12 4.78–12 2.67–12 1.48–12 7.99–13 3.99–13 1.69–13 5.56–14 1.39–14 2.73–15 4.28–16 4.73–17 3.20–18

11h9=2 2.41–11 1.36–11 7.64–12 4.29–12 2.40–12 1.32–12 6.94–13 3.27–13 1.25–13 3.61–14 8.07–15 1.49–15 2.27–16 2.48–17 1.67–18
11h11=2 2.88–11 1.62–11 9.11–12 5.11–12 2.86–12 1.57–12 8.27–13 3.90–13 1.49–13 4.29–14 9.57–15 1.77–15 2.69–16 2.94–17 1.98–18
11i11=2 2.28–11 1.28–11 7.21–12 4.05–12 2.25–12 1.23–12 6.26–13 2.76–13 9.46–14 2.44–14 5.06–15 9.00–16 1.35–16 1.47–17 9.87–19
11i13=2 2.65–11 1.49–11 8.38–12 4.70–12 2.62–12 1.42–12 7.26–13 3.20–13 1.10–13 2.83–14 5.85–15 1.04–15 1.56–16 1.70–17 1.14–18
12s1=2 3.24–12 1.82–12 1.03–12 5.78–13 3.25–13 1.82–13 1.01–13 5.56–14 2.97–14 1.52–14 7.34–15 3.14–15 1.05–15 2.35–16 3.35–17
12p1=2 3.50–12 1.97–12 1.11–12 6.24–13 3.51–13 1.97–13 1.10–13 6.05–14 3.24–14 1.63–14 7.35–15 2.69–15 7.24–16 1.25–16 1.32–17
12p3=2 8.35–12 4.70–12 2.65–12 1.49–12 8.36–13 4.68–13 2.59–13 1.40–13 7.25–14 3.46–14 1.44–14 4.81–15 1.17–15 1.81–16 1.67–17

12d3=2 8.83–12 4.97–12 2.80–12 1.58–12 8.85–13 4.94–13 2.73–13 1.46–13 7.32–14 3.20–14 1.13–14 3.02–15 5.82–16 7.18–17 5.07–18
12d5=2 1.29–11 7.25–12 4.08–12 2.30–12 1.29–12 7.21–13 3.98–13 2.13–13 1.05–13 4.55–14 1.57–14 4.13–15 7.84–16 9.57–17 6.73–18
12f 5=2 1.34–11 7.56–12 4.25–12 2.39–12 1.34–12 7.48–13 4.10–13 2.13–13 9.92–14 3.77–14 1.10–14 2.42–15 4.05–16 4.62–17 3.16–18

12f 7=2 1.77–11 9.96–12 5.61–12 3.16–12 1.77–12 9.86–13 5.39–13 2.80–13 1.30–13 4.90–14 1.42–14 3.11–15 5.19–16 5.90–17 4.03–18
12g7=2 1.77–11 9.95–12 5.60–12 3.15–12 1.76–12 9.78–13 5.27–13 2.63–13 1.11–13 3.66–14 9.13–15 1.80–15 2.82–16 3.13–17 2.11–18
12g9=2 2.20–11 1.24–11 6.95–12 3.91–12 2.19–12 1.21–12 6.53–13 3.26–13 1.38–13 4.51–14 1.12–14 2.21–15 3.46–16 3.83–17 2.58–18

12h9=2 2.04–11 1.15–11 6.47–12 3.64–12 2.03–12 1.12–12 5.88–13 2.77–13 1.06–13 3.04–14 6.80–15 1.25–15 1.91–16 2.09–17 1.41–18
12h11=2 2.44–11 1.37–11 7.73–12 4.34–12 2.42–12 1.33–12 7.01–13 3.30–13 1.26–13 3.62–14 8.06–15 1.49–15 2.26–16 2.48–17 1.67–18
12i11=2 2.05–11 1.16–11 6.50–12 3.65–12 2.03–12 1.10–12 5.64–13 2.48–13 8.50–14 2.19–14 4.54–15 8.07–16 1.21–16 1.32–17 8.85–19
12i13=2 2.39–11 1.34–11 7.55–12 4.24–12 2.36–12 1.28–12 6.55–13 2.88–13 9.86–14 2.54–14 5.26–15 9.34–16 1.40–16 1.52–17 1.02–18
total 1.01–08 5.66–09 3.18–09 1.79–09 1.00–09 5.55–10 3.01–10 1.57–10 7.75–11 3.58–11 1.52–11 5.70–12 1.72–12 3.59–13 4.97–14

W74þ

1s1=2 2.70–09 1.52–09 8.53–10 4.80–10 2.70–10 1.52–10 8.53–11 4.78–11 2.67–11 1.47–11 7.81–12 3.72–12 1.39–12 3.47–13 5.56–14
2s1=2 4.20–10 2.36–10 1.33–10 7.47–11 4.20–11 2.36–11 1.33–11 7.46–12 4.18–12 2.32–12 1.24–12 5.91–13 2.17–13 5.17–14 7.80–15
2p1=2 5.07–10 2.85–10 1.60–10 9.01–11 5.07–11 2.85–11 1.60–11 8.91–12 4.89–12 2.56–12 1.21–12 4.63–13 1.29–13 2.30–14 2.50–15
2p3=2 8.02–10 4.51–10 2.54–10 1.43–10 8.01–11 4.50–11 2.52–11 1.40–11 7.66–12 3.95–12 1.79–12 6.47–13 1.67–13 2.70–14 2.60–15
3s1=2 1.36–10 7.67–11 4.31–11 2.43–11 1.36–11 7.67–12 4.32–12 2.43–12 1.36–12 7.59–13 4.04–13 1.89–13 6.77–14 1.57–14 2.32–15
3p1=2 1.66–10 9.35–11 5.26–11 2.96–11 1.66–11 9.35–12 5.25–12 2.93–12 1.62–12 8.59–13 4.09–13 1.58–13 4.41–14 7.81–15 8.47–16
3p3=2 3.05–10 1.72–10 9.65–11 5.43–11 3.05–11 1.71–11 9.61–12 5.35–12 2.92–12 1.51–12 6.83–13 2.45–13 6.26–14 1.00–14 9.53–16
3d3=2 2.29–10 1.29–10 7.25–11 4.07–11 2.29–11 1.28–11 7.15–12 3.91–12 2.03–12 9.30–13 3.44–13 9.59–14 1.90–14 2.43–15 1.80–16
3d5=2 3.15–10 1.77–10 9.96–11 5.60–11 3.15–11 1.76–11 9.82–12 5.36–12 2.77–12 1.26–12 4.59–13 1.26–13 2.45–14 3.08–15 2.26–16
4s1=2 6.18–11 3.48–11 1.96–11 1.10–11 6.19–12 3.48–12 1.96–12 1.10–12 6.18–13 3.43–13 1.80–13 8.27–14 2.91–14 6.66–15 9.69–16
4p1=2 7.36–11 4.14–11 2.33–11 1.31–11 7.37–12 4.14–12 2.33–12 1.30–12 7.22–13 3.84–13 1.83–13 7.02–14 1.95–14 3.43–15 3.70–16
4p3=2 1.47–10 8.25–11 4.64–11 2.61–11 1.47–11 8.24–12 4.62–12 2.57–12 1.40–12 7.20–13 3.23–13 1.14–13 2.89–14 4.59–15 4.33–16
4d3=2 1.38–10 7.78–11 4.38–11 2.46–11 1.38–11 7.75–12 4.32–12 2.36–12 1.23–12 5.64–13 2.09–13 5.79–14 1.15–14 1.46–15 1.08–16
4d5=2 1.94–10 1.09–10 6.15–11 3.46–11 1.94–11 1.09–11 6.06–12 3.31–12 1.71–12 7.78–13 2.83–13 7.71–14 1.50–14 1.88–15 1.38–16
4f 5=2 1.09–10 6.13–11 3.45–11 1.94–11 1.09–11 6.07–12 3.34–12 1.77–12 8.44–13 3.31–13 9.91–14 2.24–14 3.78–15 4.33–16 2.97–17

4f 7=2 1.40–10 7.86–11 4.42–11 2.49–11 1.39–11 7.79–12 4.29–12 2.26–12 1.08–12 4.21–13 1.25–13 2.81–14 4.73–15 5.42–16 3.71–17

5s1=2 3.37–11 1.90–11 1.07–11 6.00–12 3.38–12 1.90–12 1.07–12 6.00–13 3.36–13 1.85–13 9.58–14 4.32–14 1.50–14 3.41–15 4.92–16
5p1=2 3.92–11 2.20–11 1.24–11 6.97–12 3.92–12 2.20–12 1.24–12 6.94–13 3.85–13 2.05–13 9.68–14 3.69–14 1.02–14 1.78–15 1.91–16
5p3=2 8.22–11 4.62–11 2.60–11 1.46–11 8.22–12 4.62–12 2.59–12 1.44–12 7.83–13 3.99–13 1.77–13 6.19–14 1.55–14 2.45–15 2.29–16

5d3=2 8.36–11 4.70–11 2.64–11 1.49–11 8.35–12 4.68–12 2.61–12 1.43–12 7.41–13 3.39–13 1.25–13 3.45–14 6.82–15 8.67–16 6.41–17
5d5=2 1.19–10 6.68–11 3.76–11 2.11–11 1.19–11 6.66–12 3.71–12 2.02–12 1.04–12 4.73–13 1.71–13 4.63–14 8.98–15 1.12–15 8.24–17
5f 5=2 9.36–11 5.26–11 2.96–11 1.66–11 9.34–12 5.22–12 2.87–12 1.52–12 7.25–13 2.84–13 8.50–14 1.92–14 3.24–15 3.71–16 2.55–17

5f 7=2 1.21–10 6.81–11 3.83–11 2.15–11 1.21–11 6.74–12 3.71–12 1.96–12 9.34–13 3.64–13 1.08–13 2.43–14 4.08–15 4.67–16 3.20–17

5g7=2 5.36–11 3.02–11 1.70–11 9.53–12 5.34–12 2.96–12 1.60–12 8.09–13 3.49–13 1.17–13 2.97–14 5.92–15 9.32–16 1.03–16 6.99–18
5g9=2 6.56–11 3.69–11 2.07–11 1.17–11 6.53–12 3.63–12 1.96–12 9.88–13 4.26–13 1.43–13 3.61–14 7.18–15 1.13–15 1.25–16 8.46–18
6s1=2 2.07–11 1.16–11 6.55–12 3.68–12 2.07–12 1.16–12 6.55–13 3.68–13 2.05–13 1.11–13 5.69–14 2.54–14 8.71–15 1.97–15 2.83–16
6p1=2 2.35–11 1.32–11 7.44–12 4.19–12 2.35–12 1.32–12 7.44–13 4.17–13 2.31–13 1.22–13 5.73–14 2.17–14 5.95–15 1.04–15 1.11–16
6p3=2 5.12–11 2.88–11 1.62–11 9.10–12 5.12–12 2.87–12 1.61–12 8.94–13 4.84–13 2.44–13 1.07–13 3.70–14 9.22–15 1.45–15 1.35–16

6d3=2 5.36–11 3.01–11 1.69–11 9.53–12 5.35–12 3.00–12 1.67–12 9.14–13 4.73–13 2.16–13 7.89–14 2.17–14 4.27–15 5.42–16 4.01–17
6d5=2 7.68–11 4.32–11 2.43–11 1.37–11 7.67–12 4.30–12 2.39–12 1.31–12 6.71–13 3.02–13 1.09–13 2.93–14 5.66–15 7.07–16 5.20–17
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Table 1 (continued)

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

6f 5=2 6.91–11 3.89–11 2.19–11 1.23–11 6.89–12 3.85–12 2.12–12 1.12–12 5.35–13 2.09–13 6.24–14 1.40–14 2.37–15 2.71–16 1.86–17

6f 7=2 8.98–11 5.05–11 2.84–11 1.60–11 8.97–12 5.01–12 2.76–12 1.46–12 6.92–13 2.69–13 7.98–14 1.78–14 3.00–15 3.43–16 2.35–17
6g7=2 5.99–11 3.37–11 1.89–11 1.06–11 5.96–12 3.31–12 1.79–12 9.03–13 3.90–13 1.31–13 3.32–14 6.60–15 1.04–15 1.15–16 7.79–18
6g9=2 7.35–11 4.14–11 2.33–11 1.31–11 7.32–12 4.07–12 2.20–12 1.11–12 4.77–13 1.60–13 4.04–14 8.03–15 1.26–15 1.40–16 9.46–18

6h9=2 2.68–11 1.51–11 8.49–12 4.77–12 2.66–12 1.47–12 7.74–13 3.68–13 1.42–13 4.16–14 9.38–15 1.74–15 2.65–16 2.90–17 1.95–18
6h11=2 3.18–11 1.79–11 1.01–11 5.64–12 3.15–12 1.74–12 9.17–13 4.35–13 1.68–13 4.91–14 1.11–14 2.05–15 3.12–16 3.42–17 2.30–18
7s1=2 1.38–11 7.74–12 4.35–12 2.45–12 1.38–12 7.74–13 4.35–13 2.43–13 1.35–13 7.25–14 3.65–14 1.61–14 5.50–15 1.24–15 1.77–16
7p1=2 1.54–11 8.64–12 4.86–12 2.73–12 1.54–12 8.64–13 4.85–13 2.72–13 1.50–13 7.88–14 3.67–14 1.38–14 3.77–15 6.56–16 7.02–17
7p3=2 3.43–11 1.93–11 1.09–11 6.11–12 3.43–12 1.93–12 1.08–12 5.97–13 3.21–13 1.60–13 6.95–14 2.39–14 5.91–15 9.26–16 8.63–17
7d3=2 3.63–11 2.04–11 1.15–11 6.47–12 3.63–12 2.04–12 1.13–12 6.19–13 3.19–13 1.45–13 5.25–14 1.44–14 2.83–15 3.58–16 2.65–17
7d5=2 5.24–11 2.94–11 1.66–11 9.32–12 5.24–12 2.93–12 1.63–12 8.88–13 4.55–13 2.03–13 7.27–14 1.95–14 3.75–15 4.69–16 3.44–17
7f 5=2 5.03–11 2.83–11 1.59–11 8.95–12 5.03–12 2.81–12 1.55–12 8.16–13 3.88–13 1.51–13 4.50–14 1.01–14 1.70–15 1.95–16 1.34–17

7f 7=2 6.57–11 3.70–11 2.08–11 1.17–11 6.56–12 3.66–12 2.02–12 1.06–12 5.04–13 1.95–13 5.77–14 1.29–14 2.16–15 2.47–16 1.69–17

7g7=2 5.22–11 2.94–11 1.65–11 9.28–12 5.20–12 2.89–12 1.56–12 7.88–13 3.39–13 1.14–13 2.88–14 5.73–15 9.01–16 9.99–17 6.75–18
7g9=2 6.43–11 3.62–11 2.03–11 1.14–11 6.40–12 3.56–12 1.92–12 9.69–13 4.17–13 1.39–13 3.52–14 6.98–15 1.10–15 1.22–16 8.21–18

7h9=2 3.70–11 2.08–11 1.17–11 6.57–12 3.67–12 2.02–12 1.07–12 5.07–13 1.96–13 5.73–14 1.29–14 2.39–15 3.65–16 3.99–17 2.69–18
7h11=2 4.39–11 2.47–11 1.39–11 7.79–12 4.35–12 2.40–12 1.27–12 6.01–13 2.32–13 6.77–14 1.52–14 2.82–15 4.30–16 4.71–17 3.17–18
7i11=2 1.36–11 7.64–12 4.30–12 2.41–12 1.34–12 7.30–13 3.74–13 1.66–13 5.75–14 1.50–14 3.12–15 5.56–16 8.33–17 9.07–18 6.10–19
7i13=2 1.57–11 8.83–12 4.96–12 2.79–12 1.55–12 8.44–13 4.32–13 1.92–13 6.64–14 1.73–14 3.59–15 6.40–16 9.60–17 1.05–17 7.03–19
8s1=2 9.68–12 5.44–12 3.06–12 1.72–12 9.69–13 5.45–13 3.06–13 1.71–13 9.38–14 4.99–14 2.48–14 1.09–14 3.69–15 8.25–16 1.18–16
8p1=2 1.07–11 5.99–12 3.37–12 1.90–12 1.07–12 6.00–13 3.37–13 1.88–13 1.03–13 5.39–14 2.49–14 9.30–15 2.53–15 4.40–16 4.70–17
8p3=2 2.43–11 1.37–11 7.69–12 4.32–12 2.43–12 1.36–12 7.62–13 4.21–13 2.24–13 1.11–13 4.76–14 1.63–14 4.01–15 6.26–16 5.82–17

8d3=2 2.58–11 1.45–11 8.17–12 4.60–12 2.58–12 1.45–12 8.06–13 4.39–13 2.25–13 1.01–13 3.66–14 9.98–15 1.96–15 2.48–16 1.86–17
8d5=2 3.74–11 2.10–11 1.18–11 6.65–12 3.74–12 2.09–12 1.16–12 6.32–13 3.22–13 1.43–13 5.08–14 1.36–14 2.61–15 3.25–16 2.37–17
8f 5=2 3.73–11 2.10–11 1.18–11 6.63–12 3.72–12 2.08–12 1.14–12 6.03–13 2.86–13 1.11–13 3.29–14 7.37–15 1.24–15 1.42–16 9.73–18

8f 7=2 4.88–11 2.74–11 1.54–11 8.68–12 4.87–12 2.72–12 1.50–12 7.87–13 3.72–13 1.44–13 4.23–14 9.41–15 1.58–15 1.80–16 1.23–17
8g7=2 4.26–11 2.40–11 1.35–11 7.58–12 4.24–12 2.36–12 1.27–12 6.42–13 2.76–13 9.24–14 2.33–14 4.64–15 7.29–16 8.08–17 5.47–18
8g9=2 5.26–11 2.96–11 1.66–11 9.35–12 5.24–12 2.91–12 1.57–12 7.91–13 3.40–13 1.13–13 2.86–14 5.66–15 8.89–16 9.85–17 6.66–18

8h9=2 3.72–11 2.09–11 1.18–11 6.60–12 3.69–12 2.03–12 1.07–12 5.10–13 1.97–13 5.74–14 1.29–14 2.40–15 3.65–16 4.00–17 2.69–18
8h11=2 4.42–11 2.49–11 1.40–11 7.85–12 4.38–12 2.41–12 1.27–12 6.05–13 2.33–13 6.80–14 1.53–14 2.84–15 4.32–16 4.73–17 3.18–18
8i11=2 2.23–11 1.25–11 7.04–12 3.95–12 2.20–12 1.20–12 6.14–13 2.72–13 9.43–14 2.46–14 5.11–15 9.11–16 1.37–16 1.49–17 1.00–18
8i13=2 2.58–11 1.45–11 8.15–12 4.58–12 2.55–12 1.39–12 7.10–13 3.15–13 1.09–13 2.84–14 5.90–15 1.05–15 1.58–16 1.72–17 1.15–18
9s1=2 7.12–12 4.00–12 2.25–12 1.27–12 7.13–13 4.00–13 2.24–13 1.25–13 6.80–14 3.58–14 1.77–14 7.66–15 2.59–15 5.78–16 8.26–17
9p1=2 7.74–12 4.35–12 2.45–12 1.38–12 7.75–13 4.36–13 2.44–13 1.36–13 7.44–14 3.85–14 1.77–14 6.57–15 1.78–15 3.09–16 3.29–17
9p3=2 1.79–11 1.01–11 5.68–12 3.19–12 1.80–12 1.01–12 5.62–13 3.09–13 1.63–13 8.01–14 3.41–14 1.16–14 2.84–15 4.43–16 4.12–17

9d3=2 1.91–11 1.07–11 6.04–12 3.40–12 1.91–12 1.07–12 5.94–13 3.23–13 1.65–13 7.36–14 2.64–14 7.19–15 1.41–15 1.78–16 1.30–17
9d5=2 2.77–11 1.56–11 8.76–12 4.93–12 2.77–12 1.55–12 8.61–13 4.66–13 2.36–13 1.04–13 3.68–14 9.78–15 1.88–15 2.33–16 1.69–17
9f 5=2 2.82–11 1.59–11 8.92–12 5.02–12 2.81–12 1.57–12 8.64–13 4.55–13 2.15–13 8.32–14 2.46–14 5.49–15 9.23–16 1.06–16 7.24–18

9f 7=2 3.70–11 2.08–11 1.17–11 6.58–12 3.69–12 2.06–12 1.13–12 5.95–13 2.80–13 1.08–13 3.16–14 7.02–15 1.18–15 1.34–16 9.18–18

9g7=2 3.42–11 1.92–11 1.08–11 6.08–12 3.41–12 1.89–12 1.02–12 5.15–13 2.21–13 7.37–14 1.86–14 3.69–15 5.80–16 6.43–17 4.35–18
9g9=2 4.23–11 2.38–11 1.34–11 7.52–12 4.21–12 2.34–12 1.26–12 6.35–13 2.72–13 9.05–14 2.28–14 4.51–15 7.08–16 7.84–17 5.30–18
9h9=2 3.36–11 1.89–11 1.06–11 5.97–12 3.34–12 1.84–12 9.70–13 4.60–13 1.78–13 5.18–14 1.17–14 2.16–15 3.29–16 3.60–17 2.42–18
9h11=2 4.00–11 2.25–11 1.26–11 7.11–12 3.97–12 2.19–12 1.15–12 5.47–13 2.11–13 6.13–14 1.38–14 2.55–15 3.89–16 4.26–17 2.87–18
9i11=2 2.54–11 1.43–11 8.02–12 4.51–12 2.51–12 1.37–12 6.99–13 3.10–13 1.07–13 2.79–14 5.81–15 1.04–15 1.55–16 1.69–17 1.14–18
9i13=2 2.94–11 1.65–11 9.30–12 5.22–12 2.91–12 1.58–12 8.10–13 3.59–13 1.24–13 3.23–14 6.71–15 1.20–15 1.79–16 1.95–17 1.31–18
10s1=2 5.41–12 3.05–12 1.71–12 9.64–13 5.42–13 3.04–13 1.70–13 9.42–14 5.10–14 2.66–14 1.30–14 5.60–15 1.89–15 4.21–16 6.00–17
10p1=2 5.83–12 3.28–12 1.85–12 1.04–12 5.84–13 3.28–13 1.84–13 1.02–13 5.54–14 2.84–14 1.30–14 4.80–15 1.30–15 2.26–16 2.41–17
10p3=2 1.37–11 7.70–12 4.34–12 2.44–12 1.37–12 7.68–13 4.28–13 2.34–13 1.23–13 5.97–14 2.52–14 8.51–15 2.09–15 3.24–16 3.01–17
10d3=2 1.45–11 8.18–12 4.61–12 2.59–12 1.45–12 8.15–13 4.52–13 2.45–13 1.24–13 5.51–14 1.97–14 5.34–15 1.04–15 1.32–16 9.67–18
10d5=2 2.12–11 1.19–11 6.70–12 3.77–12 2.12–12 1.18–12 6.56–13 3.54–13 1.78–13 7.81–14 2.74–14 7.28–15 1.39–15 1.73–16 1.23–17
10f 5=2 2.18–11 1.23–11 6.90–12 3.88–12 2.18–12 1.22–12 6.68–13 3.51–13 1.65–13 6.36–14 1.87–14 4.17–15 7.02–16 8.02–17 5.49–18

10f 7=2 2.87–11 1.61–11 9.07–12 5.10–12 2.86–12 1.60–12 8.77–13 4.59–13 2.16–13 8.25–14 2.41–14 5.35–15 8.95–16 1.02–16 6.98–18

10g7=2 2.75–11 1.55–11 8.70–12 4.89–12 2.74–12 1.52–12 8.21–13 4.13–13 1.77–13 5.88–14 1.48–14 2.94–15 4.61–16 5.11–17 3.45–18
10g9=2 3.40–11 1.91–11 1.08–11 6.05–12 3.39–12 1.88–12 1.02–12 5.10–13 2.18–13 7.23–14 1.81–14 3.59–15 5.64–16 6.24–17 4.22–18

10h9=2 2.91–11 1.64–11 9.21–12 5.17–12 2.89–12 1.59–12 8.40–13 3.98–13 1.53–13 4.46–14 1.00–14 1.86–15 2.83–16 3.10–17 2.09–18
10h11=2 3.47–11 1.95–11 1.10–11 6.17–12 3.44–12 1.90–12 1.00–12 4.74–13 1.82–13 5.30–14 1.19–14 2.20–15 3.35–16 3.67–17 2.47–18
10i11=2 2.52–11 1.42–11 7.97–12 4.47–12 2.49–12 1.35–12 6.94–13 3.07–13 1.06–13 2.77–14 5.75–15 1.02–15 1.54–16 1.67–17 1.12–18
10i13=2 2.92–11 1.64–11 9.24–12 5.18–12 2.89–12 1.57–12 8.05–13 3.56–13 1.23–13 3.20–14 6.65–15 1.18–15 1.78–16 1.93–17 1.30–18
11s1=2 4.23–12 2.38–12 1.34–12 7.54–13 4.24–13 2.38–13 1.33–13 7.31–14 3.93–14 2.03–14 9.82–15 4.21–15 1.42–15 3.15–16 4.49–17
11p1=2 4.52–12 2.54–12 1.43–12 8.05–13 4.53–13 2.54–13 1.42–13 7.87–14 4.24–14 2.16–14 9.80–15 3.62–15 9.78–16 1.69–16 1.80–17
11p3=2 1.07–11 6.03–12 3.39–12 1.91–12 1.07–12 6.01–13 3.34–13 1.82–13 9.48–14 4.56–14 1.91–14 6.44–15 1.57–15 2.45–16 2.27–17

11d3=2 1.14–11 6.39–12 3.60–12 2.03–12 1.14–12 6.37–13 3.53–13 1.90–13 9.58–14 4.23–14 1.50–14 4.06–15 7.92–16 9.91–17 7.09–18
11d5=2 1.66–11 9.32–12 5.25–12 2.95–12 1.66–12 9.27–13 5.13–13 2.75–13 1.38–13 6.01–14 2.10–14 5.55–15 1.06–15 1.31–16 9.35–18
11f 5=2 1.72–11 9.68–12 5.45–12 3.06–12 1.72–12 9.59–13 5.26–13 2.75–13 1.29–13 4.95–14 1.45–14 3.24–15 5.43–16 6.21–17 4.25–18

11f 7=2 2.26–11 1.27–11 7.17–12 4.03–12 2.26–12 1.26–12 6.92–13 3.61–13 1.69–13 6.43–14 1.87–14 4.15–15 6.94–16 7.92–17 5.42–18
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Table 1 (continued)

Shell log10 T ðKÞ

3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0

11g7=2 2.23–11 1.25–11 7.05–12 3.96–12 2.22–12 1.23–12 6.65–13 3.33–13 1.42–13 4.72–14 1.19–14 2.35–15 3.69–16 4.09–17 2.77–18
11g9=2 2.76–11 1.55–11 8.73–12 4.91–12 2.75–12 1.53–12 8.23–13 4.12–13 1.76–13 5.81–14 1.46–14 2.88–15 4.52–16 5.00–17 3.38–18

11h9=2 2.48–11 1.39–11 7.85–12 4.41–12 2.46–12 1.36–12 7.15–13 3.39–13 1.30–13 3.78–14 8.50–15 1.57–15 2.40–16 2.62–17 1.77–18
11h11=2 2.96–11 1.66–11 9.36–12 5.26–12 2.94–12 1.62–12 8.52–13 4.03–13 1.55–13 4.49–14 1.01–14 1.86–15 2.84–16 3.11–17 2.09–18
11i11=2 2.34–11 1.32–11 7.42–12 4.16–12 2.32–12 1.26–12 6.46–13 2.86–13 9.88–14 2.57–14 5.33–15 9.50–16 1.42–16 1.55–17 1.04–18
11i13=2 2.72–11 1.53–11 8.61–12 4.83–12 2.69–12 1.46–12 7.49–13 3.31–13 1.14–13 2.97–14 6.17–15 1.10–15 1.65–16 1.79–17 1.21–18
12s1=2 3.38–12 1.90–12 1.07–12 6.02–13 3.38–13 1.90–13 1.06–13 5.79–14 3.09–14 1.58–14 7.60–15 3.25–15 1.09–15 2.42–16 3.45–17
12p1=2 3.58–12 2.02–12 1.14–12 6.39–13 3.59–13 2.01–13 1.12–13 6.20–14 3.32–14 1.68–14 7.58–15 2.79–15 7.53–16 1.30–16 1.38–17
12p3=2 8.58–12 4.83–12 2.72–12 1.53–12 8.59–13 4.81–13 2.66–13 1.44–13 7.47–14 3.57–14 1.49–14 4.98–15 1.22–15 1.89–16 1.73–17

12d3=2 9.07–12 5.11–12 2.87–12 1.62–12 9.08–13 5.08–13 2.81–13 1.51–13 7.55–14 3.31–14 1.17–14 3.16–15 6.17–16 7.80–17 5.73–18
12d5=2 1.32–11 7.45–12 4.19–12 2.36–12 1.33–12 7.41–13 4.09–13 2.19–13 1.09–13 4.71–14 1.64–14 4.33–15 8.27–16 1.03–16 7.48–18
12f 5=2 1.38–11 7.77–12 4.37–12 2.46–12 1.38–12 7.70–13 4.22–13 2.20–13 1.03–13 3.92–14 1.15–14 2.55–15 4.28–16 4.89–17 3.34–18

12f 7=2 1.82–11 1.02–11 5.77–12 3.24–12 1.82–12 1.01–12 5.55–13 2.89–13 1.34–13 5.10–14 1.48–14 3.28–15 5.48–16 6.24–17 4.27–18
12g7=2 1.82–11 1.02–11 5.76–12 3.24–12 1.81–12 1.01–12 5.43–13 2.71–13 1.16–13 3.82–14 9.60–15 1.90–15 2.98–16 3.31–17 2.23–18
12g9=2 2.26–11 1.27–11 7.15–12 4.02–12 2.25–12 1.25–12 6.73–13 3.36–13 1.43–13 4.71–14 1.18–14 2.33–15 3.65–16 4.04–17 2.73–18
12h9=2 2.10–11 1.18–11 6.65–12 3.74–12 2.09–12 1.15–12 6.06–13 2.86–13 1.10–13 3.19–14 7.16–15 1.32–15 2.02–16 2.21–17 1.49–18
12h11=2 2.51–11 1.41–11 7.94–12 4.46–12 2.49–12 1.37–12 7.23–13 3.41–13 1.31–13 3.79–14 8.49–15 1.57–15 2.39–16 2.62–17 1.76–18
12i11=2 2.11–11 1.19–11 6.68–12 3.75–12 2.09–12 1.14–12 5.82–13 2.57–13 8.88–14 2.30–14 4.79–15 8.53–16 1.28–16 1.39–17 9.36–19
12i13=2 2.45–11 1.38–11 7.77–12 4.36–12 2.43–12 1.32–12 6.75–13 2.99–13 1.03–13 2.67–14 5.54–15 9.87–16 1.48–16 1.61–17 1.08–18
total 1.17–08 6.56–09 3.69–09 2.07–09 1.16–09 6.45–10 3.51–10 1.85–10 9.30–11 4.41–11 1.95–11 7.71–12 2.46–12 5.42–13 7.86–14
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