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IPP 1/47 W. Lotz Electron Impact Ionization Cross Sections and
Ionization Rate Coefficients for Atoms and Ions.

Abstract: All available experimental data on cross sections for single ionization
of atoms and ions from the ground state by electron impact in the low energy range
( = 1o keV) have been collected. For each species a best fit curve has been drawn.
The experimental results can be approximated by the following formulae:
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where X is the ionization potential for electrons in the outermost shell in eV,

X' is the ionization potential for electrons in the next inner (sub)-shell, X is
a welghted mean of X and X’ , E is the electron energy in eV, a = 3.6 x 1<:|"1J4 for
atoms, a = 4.o x 10—14 for ions. i;avo.S is a slowly varying function and asymptotically
equal to the number of equivalent electrons. By comparison of isocelectronic species
as well as of equally charged species it 1s possible to make predictions for yet
unknown cross sectlions. Ionization rate coefficlents for all species in the triangle

HI - NalI - NaXI are given with an estimated error of t;g %.




Introduction

For many problems in plasma physics knowledge of ionization cross sections or ionization
rates is important, as has been demonstrated in recent years by Post 1961/121/7,

Goldman, Kilb 1964/1227, Hinnov 1964/1237, Kolb, McWhirter 1964/124/, House 1964/i257,
and Seaton 1964/126/,

Until recently knowledge about these cross sections has been rather poor both
experimentally and theoretically. There has been a theoretical calculation as early as
1912 by Thomson /127/, and in the course of time there have been many publications in
this field, for example by Bethe 1930/727, Seaton 1959/1287, Gryzinski 1959/1297,
Trefftz 1963/13¢/, Burgess, Rudge 1963%/1317, and Kolb, Griem et al. 1965/1327 But as
far as comparison between theory and experiment is concerned, the agreement was more
or less poor, or the comparison was impossible because there were no experiments.

It was not until 1965 that Rudge and Schwartz /133/ presented theoretical calculations
which agreed excellently with measured values for the ionization cross section of He'.
In the meantime Rudge 1966/134/ calculated cross sections for hydrogen and a hydrogen-
like ion with Z=128,

There have been several attempts to express the functional dependence of the cross
section versus electron energy by an empirical formula, for example by Elwert 1952[135],
Knorr 1958/136/ and Drawin 1961/1%77. With the exception of values near threshold the
formula of Drawin gave astonishingly good results - as long as the two free parameters
were chosen "correctly". Unfortunately the values near threshold are the most important
in plasma physies.

Up to 1958 measurements of ionization cross sections were not too frequent and mostly
relative. Since then more and more cross sections are known, so that it should be
possible now to make reasonable estimates by inter- and extrapolation for cross sections
not measured yet, at least for the 1light elements up to sodium. Therefore a program was
started to collect all available data on ionization cross sectlons, curves of best fit
were drawn, and the relevant data tabulated.

Recently Kieffer and Dunn 1966/12¢/published a survey on experimental ionization cross
sections, which proved to igigyr references /1/ to /1197 are identical with those
given in /i2o/. of yreat hetp.

The experimental material

Figs. 1 to 38 are ordered by Z-number of the element irrespective of experimental or
empirical origin of the cross section. The experimental curves are hand-drawn best
fits to the data given by the respective authors and are derived as follows:

Atomic Hydrogen - H I:

The curve generally follows the data given by Boksenberg 1961/31/, near maximum the
higher values of Fite, Brackmann 1958/24/ are slightly taken into account. From 400 to
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750 eV the data of Fite, Braclmann 1958 and of Rothe, Marino, Neynaber, Trujillo
1962/29/ are followed, while for energies higher than 750 eV the experimental
values are extrapolated by the indicated formula.

Helium - He I:

The curve follows the data given by Rapp, Englander-Golden 1965[?7 up to 300 eV,

the data of P.T. Smith 1930/3/ and Harrison 1956/62/ between 300 eV and 1 keV, and
the data of P.T. Smith 1930, Liska 1934/61/, and Schram, de Heer, van der Wiel,
Kistemaker 1964/87 above 1 keV.

He II:

The curve follows the data given by Dolder, Harrison, Thonemann 1961/257 up to 1 keV
and 1s extrapolated by the indicated formula.

Lithium - Li I:

The relative measurements of Brink 1962/117/ have been normalized using the absolute
values given by McFarland, Kinney 1965/3}]. Above 500 eV, the curve has been extrapolated.
Li II:

The curve follows the data given by Lineberger, Hooper, McDaniel 1966/27/. Above

8oo eV the curve has been extrapolated by the formula indicated.

Atomic Nitrogen - N I:

The curve follows the data given by A.C.H. Smith, Caplinger, Neynaber, Rothe, Trujillo
1962/30/ and has been extrapolated above 500 eV by the formula indicated. The values
glven by Peterson 1963/26/ were rejected, as they are probably too large.

N II:

The curve fellows the data given by Harrison, Dolder, Thonemann 1963/64/ and has been
extrapolated above 500 eV by the formula indicated.

Atomic Oxygen - 0O I:

The curve follows the data given by Fite, Brackmann 1959/28/ and Rothe, Marino, Neynaber,
Trujillo 1962/29/ and has been extrapolated above 500 eV by the formula indicated.
The values of Boksenberg 1961/31] were rejected, as they are probably too large.

Neon - Ne TI:

The curve follows the mean value of the data given by Asundi, Kurepa 1963/57, P.T. Smith
1930/3/, Rapp, Englander-Golden 1965/7/. Above 1 keV the data glven by Schram, de Heer,
van der Wiel, Kistemaker 1964[8/ are taken into account. The data are essentially total
ionization cross sections; corrections for multiple ionization have not been applied.

Ne II:

The curve follows the data given by Dolder, Harrison, Thonemann, 1963/637 and has been
extrapolated above 1 keV by the formula indicated.

Sodium - Na I:

The relative measurements of Tate, P.T. Smith 1934/197 and of Brink 1962/117/ have
been normalized using the absolute values given by McFarland, Kinney 1965/33/. The
absolute values of Brink 1964/32/ have been rejected as they are inconsistent with

the relative measurements




Na II:

The curve follows the data given by Hooper, Lineberger, Bacon 1966/27/ .

Argon - A I:

The curve follows the mean value of the data given by P.T. Smith 1930[}7, Tozer,
Craggs 1960/65/, Asundi, Kurepa 1963/5/, and Rapp, Englander-Golden 1965/7/. Above
1 keV the data given by Schram, de Heer, van der Wiel, Kistemaker 1964/87 are
taken into account. The data are total ionization cross sections and have been
corrected for multiple ionization by the relative cross sections given by Bleakney
1930/To/ and by Schram, Boerboom, van der Wiel, de Heer 1964/71/.

Potassium - K I:

The same comments are valid as for Na TI.

K II:

The same comments are valid as for Na II.

Krypton - Kr I:

The curve follows the mean value of the data given by Asundi, Kurepa 1965/5/, Tozer,
Craggs 1960/65/, Rapp, Englander-Golden 1965/7/ and Schram, de Heer, van der Wiel,
Kistemaker 1964/B/. These total ionization cross section data have been corrected
for multiple ionization by the relative cross sections given by Tate, P.T. Smith
1934/19/ and Schram, Boerboom, van der Wiel, de Heer 1964/71/.

Rubidium - Rb T:

The relative measurements of Tate, P.T. Smith 1934/19/ have been normalized usging the
absolute values given by McFarland, Kinney 1965/%37 .

Xenon - Xe I:

The same comments are valid as for Kr I.For correction the relative ecross sections of
Tate, P.T. Smith 1934/19/ have been used.

Cesium - Cs I:

The same comments are valid as for Rb T.

Mercury - Hg I:

The curve follows the data given by Harrison 1956/627, which accidentally coincide with
the mean value of the data given by Jones 1927/2/, P.T. Smith 1931/60/, Bleakney 1930/59/,
Liska 1934/61/. For correction the relative cross sections of Bleakney 1930 and

Harrison 1956 have been used.




Discussion

In Table I all species under consideration have been tabulated. In column 2 the
electron configuration of the ground state is given. Columns 3 and 4 give the
ionization potential X for outer shell electrons and the ionization potential x'

for electrons of the next inner (sub)-shell, which were derived from Moore 1958/1387
or from calculations along isoelectronic sequences. The ionization potential 52 is

a welghted mean of X and X'(see below!).

Columns 6 and 7 give the positions of the maximum cross sections in units of the
ionization potential: U(X) =E/X , U(X) = E/X .

The shapes of the different cross section curves are very similar and resemble the
function (ln U)/U, which was predicted by Bethe 193%0/72/ for U » 1. Burgess, Rudge
1963/131/ and more precisely Rudge 1966/134/ predicted a functional dependence of the
form (ln U)/U for hydrogen-like ions of high Z-number.

We tried therefore to approximate the experimental cross sections by the formula
a ,& (E/x)
=& (1)
where ;’ should be the number of equivalent electrons in the outer shell. As for
large U the electrons of the next inner (sub)-shell also contribute appreciably to
the cross section, Equation (1) was extended in the following manner:

a tn (E/X) A’u rE/x) a b (E/X) 2 A n_—/x)
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,'_(. is a weighted mean of Y and X'and is derived as follows:
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By compar{son with the experimental values, setting q; and ;; equal to the number of
equivalent electrons in the respective (sub)-shells, it turned out that "a" is a
constant (within experimental error) in the range 500 eV < E < lo keV, but is
slightly different for atoms and ions:

= 3.6 x 10—1# for atoms,
a=4.0x lotlk for ions,

while

if E and )Y are measured in eV and & 1in cm2.

Theory for hydrogen-like ions prediects /131, 134/ that "a" will be approximately the
same for multiply charged ions, namely a = 4.0 x 10"1 for multiply charged ions.

The function (1) has its maximum at Vo ax. =€ = 2.72. Experimental values for atoms

and singly charged ions however generally lie between 2.7 and 8, thus Equations (1) or
(2) are only asymptotically correct for these species. In other words: the product t’q
is a slowly varying function of the electron energy E. We chose to set "a" equal to
the above values over the hole energy range, thus only ;' remains a slowly varying
function of the electron energy. E. We will name & the "erfective" number of electrons

in the outer shell(s).




Columns 8 to 13 of Table I give effective numbers é: for the region near threshold,
for the maximum, and for the high energy tail in comparison with the case that ;;
and g;_were the number of equivalent electrons.

From Table I the following conclusions can be drawn:

1. Depending on the configuration,U =U(®&__. ) is increasing in the following
2 8305 3 08,5 6
sequencet 3 8§, 2 8, 1 8, 1 8%, 2'p%, 22/ /p°, 2D .

2. Umax is larger for atoms than for ions. Umax = 2.7 could be a lower limit for

H through Na.

B g:is 2 0.5 and is approaching the theoretical predictions for large U within
experimental error (exception: Ne I7?7).

4, The ratio of ‘;exp to ;theor is the smaller the larger Upax 1S Generally gexp
is larger for ions than for atoms, but it never exceeds the theoretical predictions
(exception: Na I?).

With these experimental facts 1t was possible to predict the data that are given in
brackets in Table I. Umax 1s chosen in such a way that there 1s an experimegiiincurve
that can be scaled up in order to facilitate drawing of the predicted cros rves
that are given in Figs. 6 through 3o. Cross sections of the three times and higher
lonized species as for example Be IV are assumed to follow Equation (2) closely,

so that corrections become unnecessary.

Table II gives the complete formulae for species in the triangle Be IV - Na IV - Na XI,
which are self-explanatory.

Table III gives the ionlzation rate coefficients for ionization from the ground state
by electron impact to the next higher ion. The rates have been derived using the cross
sections given by Figs. 1 to 3o or by Table II. The error is estimated to be not higher
than f;gé, while in some cases i1t is as low as lo%.

While this paper was beilng prepared, data for the lonization of Na+ (= Na II) became
availlable. The then predicted values agreed with the experimental values within 5% up
to the maximum, and within lo% at larger electron energies; this close agreement might
of' course be accildental.
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Table I: Relevant data for the elements H through Naj and A I; K I + II; Er I; Rb I; Cs Iy Hg I.
( * = second maximum!)

Brackets indicate predicted wvalues.

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Configura- Ionization-Potential U Effective Number & exp.
tion = Lo U= 1,25 U=u_ E>» X Error

X x' X u(x) |u(Xd) exp. theor.| exp. |theor.| exp. |theor. %
HI | 1s 13,6 . . 8.0 | e 054 | 1 | 1.00 1 | 1.04 1 10
Hel | 1s° 24.6 - - o TR 0.78 | 2 | 1.9 2 | 2.0 2 10
LiT | 2s 5.39 64,5 7.711 | 3.0 - o.72| 1 | 1.15 1 | 2.1 1.7 fgg
BeI | 2s2 9.32| - - ol - la.o| 2 |@a.8) 2 | (2.0) 2 2
BI | 25% 8.30 | 12.9[10.7 | (5.9)|(%.6) J0.6) | 1 J(2.3)| 2.9)(2.9) | 2.9 -
cr | 25%° 11.3 | 16.6]|13.2 || (5.9)(5.0) J0.8) | 2 }(3.1) | 3.90(3.9) | 39| -
NI | 2s%p° 14.5 | 20.4|16.2 6,9 | 6.2 | o.64| 3 | 3.7 4.9 4.7 4.9 | 20
or | 2s%p" 13.6 | 28.5/15.8 5.9 5.1 | 0.92| 4 || 3.3 5.8 4.9 5.8 | 20
FI | 2s°p° 17.4 | 37.8|19.2 | (6.9)[(6.3) Jco.7) | 5 J(4.3) | 6.6](5.5)| 6.6 -
Ner | 282p° 21.6 | 48.5]| 24.0 8.1 7.3 | 058 6 | 4.7 7.71 6.0 7.7 1 20
NaT | 3s 5.14 | 38.0| 12.7 =% gl 1.0 1 | 1.5 1 | %5 4.5 fgg
a1 | 3208 15.8 | 29.2]17.4 4.4 | 8.0 | 2.9 6 | 7.4 7.8 9.3 7.8 | 2o
k1 | 3s2pSus 434 | 18.7[10.0 | 22| 32" |1 | 1 | 58| s5) 64 | 5.5 %40
k1 | 4s2p® 14.0 | 27.5]15.2 5.0 | 4.6 | 2.4 6 | 8.8 7.6 [[10.3 7.6 | 20
oI | 4s2p%ss 4,18 | 15.3| 9.6 2.4 | 2.3* | 1.0 1 | 6.2* | 6.0 6.7 6.0 f;g
xeI | 582p° 12.1 | 23.4|13.3 3.5 | 3.2 || 3.1 6 | 8.0 7.71 9.2 7.7 1 20
cst | 582p%6s 3.89| 12.3| 8.3 2.6 | 1.8%] 0.52| 1 [ 5.1*| 6.2 7.8 6.2 f;g
Hgr | 5s2p°al%s2| 10.4 | 14.8]13.8 5.3 | 4.0 | 1.80 | 2 | 8.4 | 11.6[12.4 | 11.6 ] 20
HelI| 1s 5.4 & s 3.2 |- 0.77| 1 | 1.00 1 | 1.10
i1 182 75.6 & . 3.7 | = 1.22| 2 | 1.8 2 | 1.91
BeII| 2s 18.2 | 139 |27.8 | (2.7)] - (1) 1 [ 1.0) 1 | (1.9)
BIT zsz 25.1 « " .2)] - Ja.s)| 2 [a.85)] 2 | (2)
c11 | 2s°p o4 | 30.9|28.2 | (3.7)|(3.2y | (1) 1 || (2.8) 3 || (3)
NIT | 2s%p2 29.6 36.7 | 32.6 3.7 | 3.4 1.77 2 3.8 4 4.1
orr | 2s®p’ 3.1 | 42.6(37.6 [ 3.D|GH | (2 | 3 Jes)| 5 [
FIT | 25%p" 35.0 | 53.8|38.9 | |G| @ | » e | 6 |5
NeTI| 2s°p® ¥1.1 | 66.4|45.2 49 | 4.4 | 0.96| 5 | 4.8 6.9 6.0
Narz| 2s2p® 47.3 | 80.1]51.5 5.7 | 5.2 | 1.23| 6 | 5.7 7.9 7.8
K11 | 3s2p® 31.8 | 48.0]| 34.1 3.2 | 2.9 | 6.2 6 | 6.9 7.9 7.5
LiIIT 1s 122 - - (2.7)| - (1) 1 (1) 1 (1)
BeIII 1s° 154 % = 3.2)] - la.e)| 2 | (2) 2 [ @
BITI| 2s 37.9 | 236 |59.0 [ (2.7)| - (1) 1 | () 1 || (2.05)
c1rr| 2s° 47.9 5 . (2.7)] - (2) 2 | (2) 2 [ (2)
NIII| 25%p yr.4 | 55.7|52.5 | (3.2)|(2.9) | (1) 1 2| 3 (|
o111| 28% s4.9 | 63.8]58.9 | (3.2)|(3.0) (1.9) | 2 |(3.8) bl ()
FITI| 25%p 62.9 | 71.9|66.0 | (3.2)|(3.1) l(2.8) | 3 | (&.7) 5 | (5)
NeIIT 2s°p 63.5 | 86.3|69.0 | (3.5)](3.2) | (3 4 | (5.5) 6 | (6)
NaIIf 28°p? 71.6 | 102 |77.3 || 3.4 | (2) 5 1 (6) “E




Table I: continued,
1 2 3 4 5 6
Configuration Ionization Potential |Effective
' 5 | Number
X X X v,
BeIV 1s 218 - - 1
BIV 152 259 5 = 2
cIvV 2s 64,5 | 363 | 101 | 2.14
NIV 25° 7.4 .5 " 2
01V 25%p 7.4 87.6| 83.6| 3
FIV 25°p° 87.1 97.8| 91.9| &
NeIV 232pi 97.0 | 108 | 101 5
NaIv 25°p 98.9 | 126 | 107 6
BV 1s 340 _ g 1
cv 1s° 392 - & 2
NV 2s 97.9 517 155 2.18
ov 052 114 - - 2
FV 25°p 114 126 | 122 3
Nev 25°p° 126 139 | 130 4
Nav 25°p° 138 150 | 142 5
CVI 1s 490 2 - 1
NVT 187 552 " y 2
ovI 2s 138 699 218 2.20
FVT 25° 157 . 8 2
NeVI 25°p 158 172 | 167 3
NavT 25%p? 172 187 | 179 4
NVIT 1s 667 - - 1
OVIT 1s° 739 8 = 2
FVII 2s 185 908 293 2.22
NevIT | 2s° 207 - - 2
NavII | 25 208 ooh | 218 3
oviir | 1s 871 » % 1
FVIIT | 1s° 954 ” . 2
NeVITI | 2s 239 1142 | 379 | 2.2
NavIII | 2s° 264 - - 2
FIX 1s 110% . J
NeIX 15° 1195 £ 5
NaIX 2s 300 1406 wrr 2.26
NeX 5 1362 N - 1
NaX 1s2 1465 % - 2
NaXI 1ls 1648 - - 1
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Table II: Empirical formulae for the functional dependence of the electron impact
ionization cross sections for single ionization from the ground state.

6 in cm2, E in eVv.

Specie Energy Range Cross Section
Be IV 6 = 1.8% x 10716 1n (g/218)/&
B v | 6 = 3.09 x 10°°° 1n (E/259)/E
B V ' 6 = 1.18 x 10710 15 (5/340)/E
cIv 64,5 ¢ E & 363 6 = 6.20 x 1070 1n (£/64.5)/E
E > 363 6 = 8.40 x 10710 1n (E/101)/E
cv 6 = 2.04 x 10716 1n (£/392)/E
c VI 6 = 8.17 x 10"} 1n (E/490)/E
N IV 6 = 1.03 x 10°*° 1n (E/77.4)/E
NV 97.9 < E 517 6 = 14.08 x 10716 1n (8/97.9)/E
E > 517 6 = 5.63x 1070 1n (8/155)/E
N VI 6 = 1.45 x 10716 1n (E/552)/E
N VII 6 = 6.00 x 10°17 1n (E/667)/E
0 v 77.4 < E < 87.6 6 = 5.17 x 1070 1n (E/77.4)/8
E »87.6 6 = 1.43 x 1071 1n (E/83.6)/E
ov 6 = 7.02 x 10720 1n (E/114)/E
0 VI 138 < E < 699 6 = 2.90 x 10716 1n (E/138)/8
E » 699 6 = 4.04 x 10716 1n (B/218)/E
0 VII 6 = 1.08 x 10716 1n (8/739)/E
0 VIII ¢ = 4.59 x 107 1n (E/871)/E
F IV 87.1 ¢ E € 97.8 6 = 9.18 x 1071 1n (£/87.1)/8
E > 97.8 6 = 1.74% x 10712 1n (E/92.0)/E
FV 114 < E £ 126 6 = 3.51 x 10716 1n (E/114)/E
E » 126 6 = 9.86 x 100 1n (8/122)/E
F VI 6 = 5.10 x 10'16 in (E/157)/E




. ¥ s

Table IT: continued.
Specie Energy Range Cross Section
F VII 185 < E € 908 c 2.16 x 10716 1n (E/185)/E
E » 908 d 3.04 x 10716 1n (E/293)/E
F VIIT 6 8.38 x 10717 1n (E/954)/E
F IX ¢ 3.63 x 10717 1n (E/1103)/E
Ne IV 97.0 < E < 108 & 1.24 x 107Y% 1n (8/97.0)/E
E > 108 ¢ 1.98 x 107%% 1n (E/101)/E
Ne V 126 < E < 139 6 6.35 x 10710 1n (8/126)/E
E > 139 6 1.21 x 1012 1n (E/130)/E
Ne VI 158 < E € 172 6 2.53 x 10716 15 (£/158)/8
E > 172 6 7.18 x 10710 1n (B/167)/E
Ne VIT 5 3.87 x 1071 1n (8/207)/E
Ne VIII 239 < E £ 1142 6 1.67 x 10716 1n (8/239)/E
E > 1142 ¢ 2.37 x 10710 1n (8/379)/8
Ne IX 6 6.69 x 10°17 1n (8/1195)/E
Ne X 6 2.94 x 10717 1n (B/1362)/E
Na TV 98.9 ¢ E € 126 6 1.62 x 102 1n (E/98.9)/E
E > 126 s 2.25 x 10°12 1n (E/107)/E
Na v 138 < E < 150 6 8.63 x 10~1% 1n (8/138)/E
E > 150 6 1.39 x 1072 1n (E/142)/E
Na VI 172 < E < 187 6 4.65 x 10710 1n (8/172)/E
E > 187 6 8.93 x 10716 1n (B/179)/E
Na VII 208 ¢ E < 224 6 1.92 x 10716 1n (B/208)/E
E > 224 5 5.49 x 10716 1n (8/218)/E
Na VIII 6 3.03 x 1010 15 (E/264)/E
Na IX 300 ¢ E € 1406 s 1.33 x 10710 1n (£/300)/E
E > 1406 6 1.90 x 10728 1n (E/477)/E
Na X 8 5.46 x 10°*7 1n (E/1465)/E
Na XI ¢ 2,43 x 10°17 1n (8/1648)/E




Table III: Ionization rate coafficlents for single ionization from the ground state by
electron impact (Maxwellian distribution).
E-08 = 1078 ato., T_in eV, S = {6#) in cm}/s; error t;g % unless stated
€ otherwise.
Hydrogen, Helium, Lithium, Berylllum, Boron.
Te H I, 10% He I, 10%| He II, 10% ILiI i II, 10% Li IIT
1.0 T1.8CGE-15 5¢13E~20 G. 2.52E-10 Ce Q.
le4 4.49E-13 6e65E~17 S.59E~-27 1.42E-09 (8 g.
2.0 S.92E-12 1.56E-14 1.326-21 5.43E-19 3. 24E-26 B.04E-37
2-8 Ba24E-11 6e34E~13 3.73E~-18 1.38E~-18 1.77E=21 3.51E-29
4.0 4,25E-106 1.18E~11 1.52E-15 2.83E-08 6.TGE=18 1.97E~23
5,0 Se41E-1G 4.31E~11 2058E-14 3,98E-08 3.23E-16 S« TTE=21
7.0 2.42E-0S 2.17E-10 E.T9E=13 5.90E-(18 2.83E-14 1.21E-17
10 5.13E-09 7.77E-10 B.24FE-12 7.9GE~8 8.52E-13 2+65E-15
14 8.T4E-09 1.92E-0% 4+53E~11 9.51E-(18 8.65E-12 9.98E~14
20 1-.34E-08 3.95E=-09 1l.69E-1C 1l.0BE-0G7 5s15E=-11 1,57E=12
28 1.81E-08 6.65E-09 4.21E~10 L 16E-71T7 1.76E-16 1.02E-11
40 2.28E-08 1.61E=08 Bs5TE~10G 1.21E~-0GT7 4.62E-16 4.24E-11
5@ 2.54E-08 1:24E-08 1.21E-G¢ 1.23E-07 T-37E-10 8.35E=11
T0 2.86E-08 1.59€~08 1.81E~09 1.23E-07 1.28E-09 1.84E-10
100 3.07E-08 1.93E-08 2.46E-09 1.22E~-07 1.98E-09 3.36E-10
140 3.14E-08 2.1TE-08 3.,02E~-09 1.19E=-07 2.66E-09 5.06E-10
200 3.16E-08 2.35E=-08- 3.51E-0¢ 1.15E-07 3.32E-69 6.89E-10
2806 2.98E-G8 2.43E-08 3.,85E=-09 1.10E-07 3.83E-09 8.45E-10
400 2.80E-08 +2.44E-08 4.06E~09 1.05E-A7 4. 20E-09 9.TBE=10
500 2.67E-08 | 2.40E-08 4,12E~-09 1.01E-07 4.34E-69 | 1.04E-09
700 2.4TE~-GB 2.31E-0G8 4.12E=0G9 9.52E~08 4.43E~-09 1.11E-09
1000 2.2BE-0G8 | 2.18E-08 4.02E-09 B.86E-08 4,41E-09 1.14E-09
T. Be I Be II Be III Be IV
1. 2s56E-12 B.98E-17 G. ()
1. %4,19E-11 1.90E-14 Ga 0.
2. 3.58E=10 1l.10E~12 g. Ge
2.8 1.57E=09 | 1,72E-11 4,81E-34 8.
4.0 4« 99E=69 | 1.41E-10 8.36E-217 2.36E-34
5.0 8. TBE-G9 3.81E-10 2.05E=-23 1.43E-29
7.0 1. 736068 | 1.21E-09 1.59E~19 | 4.30E-24
10 2.98E-08 2094E-09 1.38BE-16 5.80E-20"
14 4o 40BE-08 5.37E=G9 1.30E~14 3.42E-17
20 5.98E~08 | B8,48E-09 4.08E=13. | 4.27E~15"
28 T.40E-08 1.15E-G8 4,20E-12 1.11E~13
40 B8.65E-038 1.45E-08 2,49E-11 1.32E~-12
50 9.24E-08 | 1.61E-~08 5.78E-11 4.24E~-12
?ﬂ’ 9.82E~0(8 1.81E-08 1.54E~-10 1.65E~11"
100 1. GOE~O7 1.96E~-08 3.27E-16 4.68E-11
140 9.91E-08 2.G5E-0G8 5.45E~10 9.,51E=11
200 9.54E~08 2.09E-08 8.04E-10 1-.64E-10
280 9.03E-G8 2.0BE~08 1.04E-G9 2.36E-10
400 B.42E~0B 2.04E~08 1.26E-G9 3.11E-10
500 B.O2E-(8 1.99E~0G8 1.37E=-09 3.54E-10
700 T«42E~G8 1.92E-0G8 1.5GE~09 4,0TE=10
1000 6.,80GE~08 L.B2E~0G8 1.58BE-09 4.46E-10
T. BI B II B i1l B IV BV
1.0 4,T9E-12 8.T8E-20 6.29E-26 Ua 0,
1.4 5.94E~11 1.21E~16 3.T2E-21 O Ua
2.0 4,17E-10 2092E-14 1. 47E-1T7 0. Oe
2.8 1.62E-09 1.19E-12 3.85E-15 e [
4.0 4. T5E-0G9 2,82E-11 2.60E-13 1.19E-38 0,
5.0 8.12E~-119 T«.B0E-11 1.90E-12 5:5TE=33 Oa
T.0 1.56E-08 3.79E-19 1.89E~-11 1. 75E-26 4,82E-32
10 2.69E~08 1,29E~d9 1.09E~1d 1.37E-21 1.22€E-25
14 4.31E-78 3.C02E~09 3.58E-17 2.62E-18 2.36E-21
20 5.5TE-ig 5.B4E-G9 8.92E-10 T+89E-16 4,035E-18
28 T.07TE~-08 9.21E~if9 1.66E-79 3.6B8E-14 6.05E-16
40 8.55E-08 1.31E-78 2.67E-39 6.82E-13 2.68E-14
53 9,36E~148 l.54C-08 3,35E~79 2.T1E-12 1.61E-13
76 1. 34E-GT l.86E-138 4.34E-065 le34E-11 1.27E-12
160, 1.,11E-77 2.13E-48 5.27E-439 4.56E~11 6. 20E-12
149, 1.14E-37 2,306E=-018 €.3GE-19 1.45E-13 | 1.82E-~11
207 1.14E-C7 *| 2.4CE-08 657E-19 1.99E-14 4.15E-11
284, 1. 11E-27 2.42E-18 6,93E-79 3.GTE-10 T«27E-11
411 1e6E=J7 2.37E-.8 7.12E-%5% 4,26E-1" l.12E=-14
5041 Vo206 17 2e32E-1u8 Te150-r5 4,9TE-17 1l.36E~113
Te 9. 51E-4B 2.216-38 |  T.5TE=0S 5.89E-14 l.7T1E-1%
14G6 4.8B1E=03 7 et QE=118 6.BTL~L5 bab3E-1H 2et?2E=10




Table ITI: continued,
Carbon, Nitrogen,
Ta CI c II CoTTE C IV
1.0 1.93E-13 1.19E-19 3.59E-30 b.15E-38
late 5.5HE=12 1.39E-16 3.7E-24 T.29E-30
2.0 7.37E-11 2.99C~-14 1.26E~-19 B.69E-24
2.8 4,4TE-10 1.16E-12 1.37E-16 1.032E-19
4.0 1.85E-439 1.93E-11 2.T2E-14 1.20E-16
5.0 3.THE-(9 Te4bE-11 3.28E-13 3.34E-15
7.0 8.57E-.19 3.64E-1C 5.81E-12 1.54E-13
10 1.7rE-038 1.26E-C9 5.18E-11 2.82E-12
14 2, T9E-08 3, AE=19 2.29E~-10 2.02E-11
20 4.21E-38 6,02E-039 Te14E-10 9.49E-11
28 5. TAE-G8 9.86E-09 1.55E-0(9 2.53E-10
44 7.29E-08 1.46E~38 2.806E-09 5.55E-1¢C
50 8.23E-C8 1. 76E~-d8 3.71E-09 B.06E-10
79 9.53E~-48 2.19E-78 5.13E-09 1.24E~036S
100 1.95E=-037 2.5TE~0(38 6.53E-09 1. 73E-CS
140 1.12E-0G7 2.82E-18 T.63E~19 2.16E-0S
200 1.14E~67 2.98E-G8 8.5CE-G9 2+56E-09
280 1.13E-07 3,M2E-08 9.61E-0G9 2.B86E-09
400 1.A9E~(7 2.99E-08 9.26E-09 3,09E-06S
500 1.05E-07 2.94E~78 9.28E-39 3.19E-09
700 9,85E~U8 2.83E-18 9.15E-09 3.27E~-G9
10006 9.09E-08 2. TE~08 8, 84E-09 3.27E~09
‘1" N I, 20% N II, 10% N--JJT N IV NV
1.0 3.46E~15 €.60E-22 3,062E-30G O G,
lo4 2.55€~13 3.59E~18 2.T1E-24 1.01E-33 O.
2.8 €.86E-12 20 44E~15 8.42E-20 1.92E~-26 2.13E-31
2.8 €.62E-11 2.60E-12 9, GAE-17 1.42E=21 2.96E-25
4.0 3.92E~18€ 5.81E~-12 1.B86E-14 6.T1E-18 1.26E-20
5.0 S.41E~10 2.B8E~-11 2.37E-13 3.56E-16 1.86E-18
7.0 2.T3E~-09 1.87E-16€ 4.,61E-12 3.43E-14 5.83E-16
i0 €.59E-0G9 8.03E~1¢ 4,57E~11 1.10E-12 4.51E~-14
14 1.27E-08 2.22E~-G9 2.20E-10 le14E-11 8.49E-13
20 2.22E~-08 4.97E-0S TotlE-10 6.83E~11 Te92E-12
28 2.36E~-08 8.TBE=-0GS 1. TGE~-0G9 2.3GE-10 3.61E-11
40 4,T72E-08 1.38E-0G8 3.23E-09 5.84E-10 1.15E-10
56 5.60E~G8 1.71E-G8 4.37E~09 9,09E~-10 2,00E-10
70 €.83E-08 2.20E~-08 6,22E-09 1.52E~-09 3.806E-10
166 T7.90E-Q8 2.686E-08 8.09E-09 2.25E~-G9 6.21E-10
140 8.60E-08 2.98E-0G8 9.61E-0G9 2.92E-09 8.6TE—-10
200 8.99E~08 2.20E-68 1.38E-C8 3.54E~G9 1.12E~-09
280 $.03E~0(8 2.30E-08 1.16E-0G8 3.99E-09 1.33E-09
430 B.81E-08 3.,28E-08 1.26GE-08 4.31E-09 1.52E-09
500 8.56E-08 3.23E-08 1.21E-08 4. 44E-0G9 1.61E=39
700 €.10E-68 3.11E-C8 1.20E-08 4,52E-0G9 1.71E~039
1060 7.53E-08 2.95E-C48 1.17E-08 4o 49E-09 1. 776-0G9
Te cvVv c VI N VI N VII
10 1.01E-27 1.81E-32 50 T9E=35 G.
14 8.69E~23 2.55E-26 4.81E-28 4o 48E-32
20 4.56E~-19 l.10E-21 T.8lE-23 8.56E-26
28 1.43E~16 l.40E6-18 2.43E-19 1.38E-21
40 la11E-14 3.13E-16 1.05E-16 2.U6E-18
50 B.6TE-14 3.99E-15 1.83E-15 6.38E-17
70 9.29E~13 Te52E~-14 4.95E-14 3.33E-15
163 5.,6TE=-12 T-0(4E=13 6. (i6E-13 6.T1E-14
147 1.94E~11 3.21E-12 3.31E-12 5.13E-13
200 4,98E-11 1.M3E~-11 1.21E-11 2.42E-12
280 9a46E-11 2.26E=-11 2.94E-11 6.97E-12
403 l.55E~1@ 4,15C-11 5.79E-11 1.57E-11
504 1.95E~1¢ 5.53E-11 7.99C-11 2.37E-11
760 2.54E-10C TaTUE-11 1.16E-10 3w B9E=11Y
ie0a 3.0¢8E-10 9.,86E-11 1.53E-10 5.14E-11
1403 3.49E~101 l.16E~1" 1.84C-110 6.31E-11
2003 3.77E-10 1o 29E-111 2e A9E~-14 T.42E-11
2800 3.92C-10 1. 37E-10¢ 2.Z6E-17 8.19E-11
4000 3.97E=-17 1.41E=-10 Pe35C-10 B.THE-11
5 3.94E-1 ¢ la42E-1" 2.27E~10 8.87TE~-11
7300 3,84E~17 la4uE=1" 2.36E~-10 8.93E-11
160060 3, 6RE=-10 lo36E-17 2037E~1G 8§+T9E=11




Table III:

continued,
Oxygen, Fluorine,

. 0 I, 204 0 II 0 III 0 IV oV 0 VI
1.0 1033E"1‘1 2.5ﬁE_24 G, Cae [ B [ 9
lo4 T.67E-13 €.17E-2¢C 3.296~26 5.37E-34 (e C.
2.0 1.72E-11 1.32E-1¢ 3,99E-21 S.6BE-217 1.G0E=34 Cs
2.8 l.46E-1¢C 2.35E~14 1.04E-17 T+41E-22 1.40E-27 SeOGEE~32
4.0 7.7GE~10 1.23e-12 4,13E~15 2,76E-18 3.33E-22 2.83E-25
5.0 1.73E-€5 8.06E-12 Tel*4E=14 Z.14E-16 1.11E=19 3.12E-22
7.0 4.57E-09 T.27E-11 1.91E~12 2.35E-14 B.69E-17 G+ TOE-1S
16 1.60E-08 4.01E-1¢C 2.40E~11 8.62E-13 1.35E-14 4.22E-1&
14 1.77E-08 1.32E-6% 1.37E~1¢4 1.31E-11 4.02E-13 2.51E~14
20 2.82E~-08 | 3.36FE~-09 5.26E~10 €. 68E~11 5.33E-12 5.59E~13
28 3,S8E~08 ¢, 49E~0S 1.32E-0G9 2.43E-10 3,376-11 4.5TE-12
40 5.2B8E-08 1.0SE-08 2.75E~09 £.55E-10 1.17E~10 2.27E-11
50 €é.,0BE~08 1.41E-08 3,89E~19 1.65E-99 2.21E-10 4.86E-11
70 7.20E-08 1.89E-G8 5.83E-069 1.82E~-09 4.63E-10 1.18E-10
100 8.20E~08 2.37E-08 7.95E=-09 2.78E-06S | B.17E-10 2.32E-10
140 8.89E~-08 2.75E-08 9.79E~G9 3,.68E~06 1.206E-09 3.68BE-10
280 9.32E~08 3.03E-C8 1. 14E-118 4.54E-09 '1+60E-G9 5.,25E-10
280 Q. 44E~08 3.19E-08 1.25E~-08 5.18E-CS 1.93E-0G9 €.69E-10
400 $.36E-08 |.3.25E-08 1.32E-08 5.66E-06S 2.21E-09 B.05E-10
560 9.09E-08 3.24E~08 1.34E-08 5.85E-09 2.34E=-09 8.78E~10
7080 B.67E~08 3.17E-08 1.34E-08 6.00E~-G9 2.4TE=09 9.66E~-10
10660 8.12E~08 3.03E~-08 1.32E-G8 £.99E-0(9 2.53E-09 1.03E-G9
T. FI ¥ II P III F IV FV F VI
1.0 1.59E-16 2.95E-24 G. 6. 0. 0.
le4 2.55E-14 T.0U2E-20 9.18E-29 7.28E-37 G C.
2.0 1.24E~12 1.45E~16 6.92E-23 1.13E~-28 5.04E-35 O .
2.8 1.78E-11 2.50E=14 6.16E-19 3.46E~23 T«14E-28 1.59E-34
a0 1.42E-10 1.27E-12 5.99E-16 4484E-16 1.80E-22 3,80E-27
5.0 3.93E-10 8.23E~-12 1.53E-14 §.34E=17 €.35E-20 1.08E-23
T.0 1.35E-09 7.35E~-11 6.46E-13 7.89E~15 5.,63E~17 | 9.99E-20
10 3.69E-09 4.05E-10 1.12E-11 4.18E-13 1.01E~14 | 9.82E~17
14 T.80E~09 1.34E~-79 7.89E-11 | €.23E-12 3.42E-13 1.01E~14
20 1.47E-08 3.43E-09 3.55E~10 4a94E-11 5,38E-12 3.39E~-13
28 2.36E~08 6,67E-09 | 10.60FE-1d Z.03E-1C 3.19E-11 3.64E~12
40 3,50E-08 1.13E-08 2.24E-09 &.00E-10C 1.31E-10 2.23E-11
50 4,27E-08 1.46E-78 3.31E-09 1.01E-09 2.56E-16 5.26E-11
70 5.42E-08 1.96E-038 5.24E-09 1.84E-0GS 5,60E-10 1.43E=10"
160 6.52E~08 2.46E-18 T+ 45E~39 2.91E-0S 1.062E-G9 3.07E-10
140 7.31E-08 2.85E-18 9.46E-09 3.97E=-06 1.53E=0¢ 5.16E-10
200 Te84E~08 3.13E-08 1.13E-08 5.30E-09 2.38E-0S 7.68E-10
280 8,U3E-08 3.28E-08 1.26E-08 5.80E-0G9 2.55E-09 1.66E-GS
4073 7.95E~08 3.32E-08 1.35E-0G8 €.42E-0S 2.95E~09 1.22E~09
50m 7.79E~08 3,29E-08 1.39E-C8 €<68E-36 3,14E-69 1.33E-0%S
700 7o 44E~-138 3,20E-08 lo40E=-118 &£.91E-09 3.33E-06. 1.45E-GS
10006 T.C1E=-0(8 3.06E-08 1.39E-08 6.95E-09 3.43E-09 1.53E-06S -
0 VIT 0 VIII F VIT F VIII F IX
1d de C. 2.17€E-18 [ C.
14 4,27E-34 1.24E-38 4.97E~1¢€ Ca T
20 3.82E~27 1.88E-3¢p 3.35E=14 44.95E=-32 1.14E-35
28 1.72E~22 5 5GE=-25 4,91E-13 4.82E-2¢ S.17E-256
408, 5.57E-19 7.45E=-21 4,38E-12 1.56E-21 1.46E-22
5a 2.48E-17 6.426~15 1.11E-11 Z+04E-16 3.99E-21
76 1.96E-15 1.08E-16 3.56E-11 E.54E-117 2.53E-18
1060 5.38E-14 5.25E-15 8., 73E-11 3.85E-15 Jdgkele
144 5.06E~13 T+24E-14 - 1.67E-1C € THE-14 £.98C-15
200 2.87E~12 5.34E-13 Z2.53E-17 5.96E~13 1.G9E-13
280 B8.96E-12 2.58E=12 2,51E-1¢C 2.62E-12 £,92E-13
40 2.196-11 5.88E-12 4.4SE-1C E.12E-12 Zs16E-12
503 3.34E-11 Su.64E=12 £.34E-17 1.39€=-11 4l.01E-12
7@ 5.46E-11 1.71E-11 5.76E=10 7e60E-11 8.21E-12
170 7.94E=11 Z.G5E-11 &4 35E-10 4e2¢E-11 1.42E-11
1403 1.U2E-14 2,56E-11 C«TPE=-1¢ EL76E-11 Zes6E=11
250 1.22E-14 4.43E-11 €.93E-17 7.37E-11 2eT2E-11
2471 1.37E-1C EL.GE-11 €. Q6E-17 E.GIE-11 2.27E-11
403:)% Le47E-17 £.56E-11 6. 04E~18 S 57E-11 JeTlE=1]
5013 1.51F=10 5. 82E411 €.71E-17 € 9SE-11 34092E=11
T 1.530-1% | S.96E-11 Cebdf=1" 1.34E=1€ | 4.12E=11
le52E-17 £.570-11 £ SRESLS 1 4B 16 4.27C6=11

19407
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Table I1I: contlinued.
Neon, Sodium.
T, He I, 20%| He II, 10% Ne III Ne IV Ne V Ne VI Ne VII
1.0 1.15E-18 3.25E~-217 )23 [ Ca Ce C.
1.4 6.32E-16 3.876~22 5.976-29 C. e. Co C.
2.0 71.T8BE-14 2.66E-18 5.78E-23 S.21E-31 2.04E-37 (5 8.
2.8 2.07E-12 1.04E~15 4.83E-19 1.176-24 1.59E=2¢6 5.54E-35 C.
4.0 Z2.64E-11 1.01E-13 4.91E-16 4.73E-20 1.41E-23 1.54E-27 8.20E-33
5.0 S.35E-11 E.99E-13 1.28E-14 6.93E-18 8. T4E-21 4.83E-24 2485E-28
7.0 3.97E-1¢ 1.18E-11 5.51E-13 2.19E-15 1.45E-17 5.26E-20 4,59E-23
10 1.32E-09 S.G1lE-11 9.B4E-12 1.74E~-13 4.09E-15 €.22E~-17 3.86E-16S
14 3.21E-G9 3.81E-1¢ 7.10E-11 3.40E-12 1.87€E-13 7e54E~15 1.66E-16
20 €.79E-CS 1.22E-09 3.29E-14 3.29E-11 3.47E-12 2.93E-13 1.64E~14
28 1.20E~08 2.81E-0S G.56E-10 1.54E-1¢C 2.53E-11 3,53E-12 3.62E-13
40 1.94E-08 5.51E~0S ?2.20E-09 5.36E-1C l.16E-13 2.37E~11 3.82E-12
50 2.49E-G8 7.65E-09 3.31E-09 8.91E-10 2.39E-10 5.84E-11 1.16E~11
70 3.39E-08 1.156-08 5.35E-~09 1.72E-0S 5.57E-10 1.67E-10 4,25E-11
100 4.34E-08 1.57E-0G8 7.77E-19 2.85E-09 1.06E-09 3.75E-10 1.15€E-10
140 5.13E-08 1.95E-08 1.CG0E-038 4,00E-09 1.65E-09 &.51E-10 2.25E-16
260 5.78E-C8 2.29E-08 1.21E-68 5.16E-09 2.31E-09 S<.91E-10 3.77E-10
280 €.18E~-08 2.54E~08 1.37E-A8 &.09E-09 2.88E-09 1.31E-0S 5.35E-10
400 6.35E-08 2.71E-08 1.48E~08 6.83E~-09 3.,38E-09 1.62E-06S €.95E-10
500 6.35E-08 2.78E-08 1.53E-0G8 7.16E-09 3.62E-09 1.78E-0G9 7.84E-10
700 €.22E-08 2,81E-08 1.56E-08 T.46E-0S 3.88E-09 1.96E-09 8.93E-10
1000 5.53E-08 2.77E-08 1.56E-38 1.56FE-09 4.033E-09 2.08E-09 S.T5E-1@
!I!. Na I Ha II, 10% Na III Na IV Ha ¥ Na VI Ha VII
1.0 4,82C-10 5.75E~-30 0. 0. G O g.
lok 2.52E-09 4, 4TE-24 0. 0. 0. G a.
2.0 9,07E-09 1.24E-19 4,31E-25 5,06E-31 O d. O.
2.8 2.19E-08 1.19E-16 1,25E-20 8.13E-25 1.89E-31 6026E-37 0.
4,0 4,31E-08 2.19E-14 3.062E-17 3.B4E-20 6.T1E-25 7.61E-29 3.26E-33
5.0 5.95E-08 2.58E-13 1.19E-15 5.99E~18 7.956-22 4. T70E-25 1.24E-28
7.C 8.59E-08 4.61E-12 8.42E-14 1.99E-15 2.T4E-18 1.3BE-20 2.32E-23
19 1.13E-47 4033E-11 2,26E-12 1.63E-13 1.32E-15 2.18E-17 2.33E-19
14 1.34E-07 2.09E-14 2.23E-11 3.24E-12 8.59E-14 3. T4E~-15 1.19E-16
20 1.52E-07 To.35E~10 1.36E~-10 3.20E-11 2.87E-12 1.88E-13 1.37E-14
28 1.63E~G7 1.82E-09 4.85E-10 1.53E-10 1.79E-11 2.69E-12 3.43E-13
413 1.69E-G7 3.84E-79 1.32E-09 5.13E-10 $.33E-11 2.05E-11 4.,00E-12
5d 1.71E-G7 5.58E-09 2.16E-09 9.15E-10 2.05E~18 5.39E~11 l.28E-11
70 1.71E-6G7 8.82E-09 3,84E-0G9 1.80E-09 5.1CE-10 1.66E-10 4.96E-11
laa 1.69E-37 1.28E-08 6.03E-09 3,02E-09 1.03E-09 3.93E-10 1.40E-10
140 1.63E=-07 1.66E-118 8.22E~-09 4.,30E-09 1.66E-09 7.067E-10 2.85E-10
200 1.56E-0G7 2.04E-08 1.U4E-08 5.61E-0G9 2.38E-09 1.11E-09 4.9GE-10
280 1.47E-07 2.34E-08 1.21E-0G8 6.6TE-0G9 3.83E-09 1.5@E-09 7.67E-10
409 1.37E-07 2.57E-4d8 1.35E-08 7. 53E-G9 3.61E-09 1.87E~039 S.32E-10
500 1.31E-07 2.67E-G8 1.41E-G8 7.92E-0G9 3.91E-09 2.076-09 1.06E-09
700 1. 20E-07 2. T6E-G8 1.4TE-08 B.29E-A9 4,23E-09 2.31E~09 1.22E-09
lgoa 1.1CE-T7 2.76E-08 1.49€-08 8. 43E-09 4,42E-09 2.48E-09 1.34E-09
!‘ Ne VIII Fe IX Ne X Na VIII Na IX Ha X Fa XI
10 5.93E-21 a. c. B,00E-22 B.50E-24 T C.
14 6.39E-18 e. €. l.7T6E-18 5.25E-20 Ce C.
20 1.25E-15 1.85E-37 g. 5.92E-1¢ 3.82E-17 0. Ce
28 4+39E-14 5.64E-3C E.H59E=-33 2.97E-14 3.21E~-15 2:45E-34 1.40E=-37
3= €.55E-13 | 2.43E-24 | 1.446-26 | 5.81E-13 | 5.266-14 | 1.906-27 | 7.77€-30
50 2.35E-12 1.36E-21 1.45€6-23 2.37E-12 4453E-13 3.21E-24 3.27E-26
70 1.04E-11 1.14E-18 4.47E-20 1.21E-11 2.85E-12 1.62E-20 4.T1E-22
103 3.,22E-11 2.24E-16 1.64E-17 4,19E-11 1.16E<=11 1.31E-17 6.47E-1S
140 €£.98E-11 7.85E~15 S.27E-16 S.8CE-11 3,02E~-11 7. T72E-16& €.32E-17
200 1.26E~10 1.17E-13 1.98E-14 1.88E-1C €.3GC-11 Z.36E-14 3.30E-15
280 1.89E-1¢C 1.31E-13 1.5BE-13 2¢92E-1GC lo34E~12 1.91E-13 3.98E-14
400 2.59E-1C 2.96E-12 7.69E-12 4.78E-1C 1.53E-103 1.04E-12 2.65E-13
500 2.60E-10 5.76E~12 1.63E-12 4.77E-1¢0 1.84E-1¢C 2.33E-12 €.51E-13
700 3.57E-1C 1.25E-11 3.91E-12 5.67E-10 2.28E=13 5.93E~12 1.85E-12
1660 4.37C-1¢C 2.26E-11 e b E.41C-17 2.66E-10 1.21E-11 4.12E-12
1400 4.42E-1" 3,37E-11 1.29E~-11 E.87E-10 3.7CE=-15 1.58E-11 7.11E-12
2800 4, 66E-10 4.56E-11 1.70E-11 Tel3E-17 2,23E-1¢ 2.87C-11 l.28E~11
2800 4.7€6E~1¢C 5.57E-11 2.14E-11 7.17E-1€ 3,36E-1"% 3.67E-11 1.42E-11
4300 4o TEE-1" €a42C-11 Z.52E-11 7.45E-1" 2.41E-17 4.39E~11 1. 75E-11
503 4.TPE-12 &.82E-11 2.71E-11 ¢€.91E-1" 3.400-1" 4476E-11 Y8 2E=1"]
7304 44,56E-10 7.23E-11 Z.92E-11 £eb26-10 2.34E-1" 5.176~11 Ze11E-11
139¢0 4,35E~-1¢€ T«43E-11 3, 03E-11 €a24E-1" 3,21F=1" 5.41E-11 2.24E-11
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