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ABSTRACT

An IBM-70^-7090 Fortran program has been written to evaluate the

equilibrium distribution function for electrons undergoing elastic

collisions in a gas in the presence of a uniform electric field. The

transport cross section for the scattering of electrons upon molecules

of the gas is entered as a table of values and interpolation is performed

by the code. Swarm averages of numerically specified quantities over the

computed distribution function may be obtained. Numerical results for

electrons diffusing in argon gas are given.
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1. INTRODUCTION

There is a large body of experimental data on the diffusion of

electrons in gases in the presence of applied electric fields.

Experiments of this kind have been invaluable in allowing one to

understand energy levels of atoms and molecules in the gaseous state.

A drawback to such swarm experiments is that electrons diffusing

through a gas under the influence of an electric field are not mono-

energetic but attain a distribution in energy which, in general,

depends upon the magnitude of the field, the nature of the gas in which

the electrons diffuse, the configuration of the container, temperature,

etc. Ideally, one would like to obtain information on the interaction

of electrons with atoms and molecules by performing beam experiments

with nearly monoenergetic electrons. These experiments are very

difficult to carry out in many cases, especially when one is interested

in energies of the order of one electron volt or less.

Under certain conditions, viz., where electrons diffuse in a

uniform electric field in one of the noble gases at energies well below

the first excitation level in the gas, and where the pressure is such

that the electron mean free path is much less than the container dimen

sions, the swarm distribution of energies may be considered as fairly

well known. This fact is of considerable importance since it implies

a.. S. W. Massey and E. H. S. Burhop, Electronic and Ionic Impact
Phenomena, Claredon Press, Oxford (1952).

L. B. Loeb, Basic Processes of Gaseous Electronics, University of
California Press, Berkeley and Los Angeles (1955)•



that one may add small quantities of contaminant gases to the noble gases

and determine swarm averaged cross sections for the contaminant gas.

If the amount of contaminant is small enough so that the electron dis

tribution function is essentially unaffected by its presence, one may

be able to infer the actual energy dependence of the cross section in

question from the variation of its swarm averaged cross section with

the applied electric field. Thus if f (E/p, e) de is the equilibrium

distribution function for electrons in a given gas, i.e., the number

of electrons lying in the energy interval from e to e + de at an

electric field strength per unit pressure of E/p, and if the capture

probability of electrons on a contaminant gas per cm measured along

the field direction is o;(e), then a swarm experiment might determine

the quantity

00

a(E/p) =J de a(e) fQ(E/P, e) (l)
0

If it is possible to solve this integral equation, one may obtain the

desired quantity oc(e) .

The present report is concerned with an evaluation of f(E/p, e) for

electrons diffusing in a gas composed of atoms or molecules with which

electrons can only undergo elastic collisions. This work is the first

step in a program to solve numerically integral equations of the sort

shown in Eq. (l). Numerical data are presented for electrons in argon

for the use of interested individuals.



2. THE DISTRIBUTION FUNCTION

Suppose that f(9, E/p, e) is the solution of the space- and time-

independent Boltzmann equation for the equilibrium distribution of

electrons undergoing only elastic collisions with a gas of infinite

extent in a uniform electric field, and let

jt

f(E/p, e) = /f(9, E/p, e) 2it sin 9d9
0

be its integral over all directions of motion of the electrons. The

angle 9 here is the angle between the field direction and the velocity

2 3
vector of an electron in the swarm. Then it may be shown ' that the

P approximation to f(e, E/p, e) yields the result:

o, (e) ede
:o(p- ,e) =A/e exp j- ^j

0[(eE/p)^+ 2£e c% (e) kT]

where

f (E/p, e) de = the number of electrons with energies in the interval

between e and e + de when the electric field

strength per unit pressure is E/p.

m = electronic mass

e = electronic charge

M = molecular mass

T = gas temperature

k = Boltzmann's constant

E = electric field strength applied to the gas

2 f^\ .ml Y (2) &

2.B. Davydov, Phys• Zeit. Sowjetunion 8, 59, (1935) •

•^S. Chapman and T. G. Cowling, The Mathematical Theory of Non-Uniform
Gases, Columbia University Press (1939) P- 3^7•



p = gas pressure in mm Hg
it

0 (e) = 2itN / q(9, e) (l -cos 9) sin 9 d9
0

N = number of molecules of the gas per unit volume at a

pressure of 1 mm Hg

q(9, e) = differential cross section for scatter of an electron

of energy e through an angle 9 by a molecule of the gas

A = normalization constant chosen such that /f(e)de=l

k 0
Bowe, using essentially this form for the distribution function,

has shown that good agreement may be obtained between measured and

calculated values of the drift velocity of electrons in the noble gases.

In particular, he finds that the values of a, (e) for argon obtained by

Barbiere from the angular scattering data of Ramsauer and Kollath

yield values of drift velocity in better agreement with his data than

7

do a values derived from the data of Westin. Accordingly, we have

used the Barbiere data to evaluate f (E/p, e) on a finer mesh and with
Q

different normalization than Bowe. It should be noted that the first

inelastic level in argon occurs at 11-57 ev. Since inelastic scattering

is ignored in the present treatment, the present numerical results on

argon are not correct when an appreciable number of electrons are

predicted to lie above this energy.

J. C. Bowe, Phys. Rev. 117, 1^11-1^16 (i960).

5D. Barbiere, Phys. Rev. 84, 653 (l95l).
C. Ramsauer and R. Kollath, Ann. Phys. 12, 529 (1953)

'S. Westin, Kgl. Norske, Videns Sels. No. 2 (19^6).
Q

J. C. Bowe, ANL-5967.



9
The argon data presented here have been used to evaluate the

dissociative capture cross section of the HO molecule for electrons.

This was done by assuming that capture occurs at an energy e in a

resonance process having a width Ae small enough that

A£ *IT <fo &/*> £^e =e «VE/P; 6o>-
o

In this case the integral equation for the capture process (which may

be written in a form similar to Eq. [l]) simplifies considerably and

one may derive values of e and the energy integral of the cross

section from the experimental data by simple numerical procedures.

Numerical evaluation of Equation (2) was accomplished by writing

a program involving seven subroutines, each a distinctive phase of

the calculation. Input data is read from BCD tape and allows one to

enter the following information:

a.(e) vs e - Table of transport cross section as a function of

energy.

g(e) vs e - Table of an arbitrary function whose average value

over the distribution function may be computed.

T - Temperature in K.

M - Mass of gas atom in units of the proton mass.

The code employs Newton's divided-difference formula for all inter

polation and extrapolation which is necessary in obtaining values from

the tables cr, (e) and g(e). It was found that as long as E/p < 5 v/cm

mm Hg, it was sufficient to take an upper limit of 20 ev in the normal

ization integral.

o

G. S. Hurst, L. B. 0'Kelly and T. E Bortner, Dissociative Electron
Capture in Water Vapor, to be published in Physical Review.



The numerical results given in Table I (pages 7 through 22) were

obtained with M = kO, T = 273 K and with a linear approximation to
o

the Barbiere data which ignores the Ramsauer minimum in a at ~ 0.2 ev.
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ELECTRON
ENERGY

EE(EV)
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8

8

9

9

9

9

9

9

9

9

9

9

10

E/P = 0.50
(V/CM/MM HG)

F(EE)

0.83846E-01

0.74870E-01

0.66369E-01

0.58389E-01

0.50970E-01

0.44137E-01

0.37904E-01

0.32274E-01

0.27238E-01

0.22781E-01

0.18883E-01

0.15514E-01

0.12630E-01

0.10185E-01

0.81331E-02

0.64292E-02

0.50293E-02

0.38920E-02
0.29784E-02
0.22531E-02

0.16843E-02

0.12437E-02

0.90690E-03

0.65272E-03

0.46352E-03

0.32465E-03

0.22417E-03
0.15255E-03

0.10226E-03

0.67496E-04

0.43768E-04

0.27822E-04
0.17335E-04

0.10585E-04

0.63338E-05

0.37134E-05

0.21331E-05

0.12004E-05
0.66183E-06

0.35747E-06

0.18916E-06

0.98067E-07

0.49813E-07

0.24792E-07

0.12092E-07

0.57796E-08

0.27077E-08

0.12435E-08

0.55992E-09

0.24722E-09

E/P = 0.60
(V/CM/MM HG)

F(EE)

0. 11632E--oo

0. 10777E-•oo

0. 99316E--oi

0. 91037E--oi

0. 82984E--oi

0. 75209E--oi
o. 67758E--oi

Oi 60672E--oi
0« 53985E--oi
0« 47723E--oi

o. 41916E--oi

0..36583E--oi

0..31718E--oi
0..27313E--oi
o.•23354E--oi
o..19824E-"01
0..16700E--oi
0 •13959E--oi

0 .11574E--oi
0 »95161E--02

0 .77570E-"02

0 .62669E--02

0 .50166E--02

0 .39777E--02

0 .31232E--02

0 .24275E-02

0 •18672E-"02
0 .14209E-"02

0..10693E--02

0 .79561E-"03

0 .58424E--03

0 .42273E-03
0 •30134E--03

0 .21160E--03
0 .14634E--03

0 .99673E--04

0 •66849E--04

0 .44146E--04

0 .28703E--04

0 .18374E--04

0 •11579E--04

0 .71834E--0 5

0 .43872E--05

0 .26378E--05

0 .15614E--05

0 .90989E--06

0 .52205E--06

0 .29492E--06

0 .16405E--06

0 .89868E--07

10

E/P = 0.70
(V/CM/MM HG)

F(EE)

0.13741E-00

0.13019E-00

0.12288E-00

0.11550E-00

0.10812E-00

0.10076E-00

0.93494E-01

0.86349E-01

0.79372E-01

0.72602E-01

0.66089E-01

Q.59872E-01

0.53972E-01

0.48403E-01

0.43178E-01

0.38305E-01

0.33788E-01

0.29629E-01

0.25823E-01

0.22364E-01

0.19242E-01

0.16445E-01

0.13956E-01
0.11759E-01

0.98337E-02

0.81608E-02

0.67189E-02

0.54866E-02

0.44426E-02

0.35660E-02
0.28337E-02

0.22265E-02

0.17295E-02

0.13280E-02
0.10078E-02

0.75581E-03

0.56013E-03

0.41016E-03

0.29674E-03

0.21209E-03

0.14975E-03

0.10445E-03

0.71968E-04

0.48981E-04

0.32929E-04

0.21867E-04

0.14344E-04

0.92945E-05

0.59495E-05

0.37623E-05

E/P = 0.80
(V/CM/MM HG)

F(EE)

14945E-00

14371E-00

13777E-00

13165E-00

12539E-00

11903E-00
11260E-00

10613E-00

99665E-01

93235E-01

86891E-01

80676E-01

74616E-01

68734E-01

63053E-01

57593E-01

52371E-01
47404E-01

42703E-01
38278E-01

34137E-01

30283E-01

26718E-01

23439E-01

20443E-01

17723E-01

15269E-01

13071E-01

11114E-01

93865E-02
78647E-02

65311E-02

53749E-02

43831E-02

35414E-02

28347E-02

22477E-02

17654E-02

13733E-02

10581E-G2
80729E-03

60997E-03

45639E-03

33814E-03

24808E-03

18022E-03

12963E-03

92336E-04

65125E-04

45484E-04



ELECTRON

ENERGY

EE(EV)

10
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10
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10
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11

11

11

11

11

11

11

11

11

11

12

12

12

12

12

12

12

12

12

12

13

13

13

13

13

13

13

13

13

13

14

14

14

14

14

14

14

14

14

14

15

.10

.20

.30

.40

.50

.60

.70

.80

.90

.00

.10

.20

.30

.40

.50

.60

.70

.80

.90

.00

.10

.20

.30

*40

.50

.60

.70

.80

.90

.00

.10

.20

.30

.40

.50

.60

.70

.80

.90

.00

.10

.20

.30

.40

.50

.60

.70

.80

.90

.00

E/P = 0.50

(V/CM/MM HG)

F(EE)

0.10732E-09

0.45915E-10

0.19354E-10

0.80364E-11

0.32861E-11

0.13230E-11

0.52428E-12

0.20446E-12

0.78443E-13

0.29602E-13

0.10985E-13

0.40077E-14

0.14370E-14

0.50633E-15

0.17526E-15

0.59581E-16

0.19889E-16

0.65174E-17

0.20961E-17

0.66145E-18

0.20461E-18

0*61994E-19
0.18395E-19

0.53449E-20

0.15207E-20

0.42365E-21

0.11555E-21

0.30853E-22

0.80649E-23

0.20636E-23

0.51686E-24

0.12671E*24

0.30404E-25

0.71402E-26

0.16411E-26

0.36917E-27

U.81273E-28

0.17510E-28

0.36921E-29

0.76186E-30

0.15382E-30

0.30378E-31

0.58691E-32

0.11094E-32

0.20516E-33

0.37125E-34

0.65740E-35

0.H392E-35
0.19322E-36

0.32077E-37

E/P = 0,

(V/CM/MM

F( EE)

60

HG)

.48578E-07

.25959E-07

.13711E-07

.71556E-08

.36894E-08

.18789E-08

.94489E-09

.46913E-09

.22990E-Q9

•11118E-09
.53044E-10

.24963E-10

.11584E-10

.53001E-11

.23901E-11

•10621E-11
.46501E-12

.20052E-12

.85147E-13

.35595E-13

.14637E-13

.59159E-14

.23499E-14

.91724E-15

.35177E-15

.13254E-15

.49053E-16

.17832E-16

.63662E-17

.22319E-17

.76828E-18

.25965E-18

.86149E-19

.28057E-19

.89691E-20

.28140E-20

.86640E-21

.26177E-21

.77604E-22

.22573E-22

.64404E-23

.18019E-23

.49440E-24

.13302E-24

.35094E-25

.90793E-26

.23034E-26

.57304E-27

.13980E-27

.33444E-28

11

E/P = 0.70

(V/CM/MM HG)

F(EE)

0.23541E-05

0.14596E-05

0.89653E-06

0.54548E-06

0.32868E-06

0.19610E-06

0.11582E-06

0.67705E-07

0.39165E-07

0.22415E-07

0.12689E-07

0.71039E-08

0.39323E 08

0.21518E-08

0.11637E-08

0.62185E-09

0.32828E-09

0.17116E-09

0.88125E-10

0.44793E-10

0.22461E-10

0.11104E-10

0.54112E-11

0.25990E-11
0.12302E-11

0.57377E-12

0.26365E-12

0.11934E-12

0.53209E-13

0.23364E-13

0.10102E-13

0.43010E-14

0.18027E-14

0.74378E-15

0.30205E-15

0.12072E-15

0.47479E-16

0.18373E-16

0.69954E-17

0.26201E-17

0.96513E-18

0.34955E-18

0.12446E-18

0.43570E-19

0.14994E-19

0.50722E-20

0.16866E-20

0.55127E-21

0.17710E-21

0.55918E-22

E/P = 0.8 0
(V/CM/MM HG)

F(EE)

0.31496E-04
0.21650E-04
0.14769E-04

0.99982E-05
0.67153E-05
0.44742E-05
0.29567E-05

0.19376E-05

0.12589E-05

0.81085E-06
0.51763E-06
0.32746E-06
0.20525E-06

0.12743E-06
0.78363E-07

0.47716E-07
0.28765E-07
0.17165E-07
0.10136E-07
0.59228E-08
0.34221E-08
0«19541E-08
0.H026E-08
0.61471E-09
0.33856E-09
0.18418E-09
0.98959E-10
0.52506E-10
0.27507E-10
0.14227E-10
0.72640E-11
0.36606E-11
0.18206E-11
0.89346E-12
0.43262E-12
0.20666E-12
0.97381E-13
0.45259E-13
0.20744E-13
0.93759E-14
0.41776E-14
0.18346E-14
0.79395E-15
0.33859E-15
0.14228E-15
0.58911E-16
0.24031E-16
0.96573E-17
0.38231E-17
0.14908E-17
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ELECTRON
ENERGY

EE(EV)

E/P = 1.30
(V/CM/MM HG)

F(EE)

10*10 0.67708E-02

10.20 0.58434E-02

10.30 0.50267E-02

10.40 0.43099E-02

10.50 0.36828E-02

10.6Q 0.31360E-02

10.70 0.26610E-02

10.80 0.22498E-02

10.90 0.18951E-02

11.00 0.15902E-02

11.10 0.13292E-02

11.20 0.11067E-02

11.30 0.91767E-03

11.40 0.75778E-03
11.50 0.62310E-03

11*60 0.51013E-03

11.70 0.41580E-03

11.80 0.33737E-03
11*90 0.27247E-03

12.00 0.21901E-03

12.10 0.17516E-03
12.20 0.13934E-03

12.30 0.11026E-03
12.40 0.86769E-04

12.50 0.67906E-04
12*60 0.52845E-04
12.70 0.40891E-04
12.80 0.31459E-04

12.90 0.24061E-04

13.00 0.18293E-04
13.10 0.13824E-04
13.20 0.10384E-04

13.30 0.77511E-05

13*40 0.57498E-05
13.50 0.42381E-05

13.60 0.31038E-05
13.70 0.22583E-05

13.80 0.16323E-05

13.90 0.11719E-05

14*00 0.83571E-06

14.10 0.59182E-06
14.20 0.41615E-06

14.30 0.29053E-06

14.40 0.20136E-06
14.50 0.13855E-06
14.60 0.94625E-07

14.70 0.64147E-07

14.80 0.43160E-07

14.90 0.28819E-07

15.00 0.19097E-07

E/P =- 1.40
(V/CM/MM HG)

F( EE)

0.10554E-01
0.92954E-02

0.81638E-02

0.71493E-02
0.62424E-02

0.54340E-02

0.47158E-02

0.40795E-02

0.35176E-02

0.30231E-02

0.25893E-02

0.22101E-02

0.18798E-02

0.15930E-02

0.13449E-02

0.11312E-Q2
0.94778E-03
0.79093E-03
0.65736E-03
0.54409E-03

0.44835E-03

0.36775E-03

0.30022E-03
0.24392E-03

0.19721E-03
0.15867E-03
0.12702E-03

0.10117E-03
0.80162E-04

0.63188E-04

0.49545E-04

0.38639E-04

0.29971E-04
0.23119E-04

0.17733E-04

0.13526E-04

0.10257E-04

0.77333E-05

0.57962E-05

0.43183E-05
0.31976E-Q5
0.23530E-05

0.17205E-05

0.12500E-05
0.90235E-06

0.64713E-06

0.46105E-06

0.32629E-06

0.22937E~06

0.16015E-06

17

E/P = 1.50
(V/CM/MM HG)

F(EE)

E/P = 1.60
(V/CM/MM HG)

F(EE)

.19980E-01

.18137E-01

.16427E-01

.14845E-01

.13385E-01

.12039E-01

.10803E-01

.96696E-02

.86333E-02

.76882E-02

♦68283E-02

.60482E-02

.53424E-02

.47056E-02

.41326E-02

.36186E-02

.31590E-02

.27491E-02

.23848E-02

.20621E-02

.17769E-02

.15256E-02

.13049E-02

.11120E-02

.94405E-03

.79833E-03

.67245E-03

.56417E-03

.47140E-03

.39227E-03

.32507E-03

.26824E-03

.22039E-03

.18030E-03

.14684E-03

.11906E-03

.96097E-04

.77206E-04

.61740E-04

•49138E-04

.38919E-04

.30673E-04

.24052E-04

.18765E-04

.14565E-04

.11247E-04

.86390E-05

.66007E-05

.50164E-05

.37918E-05

0.15029E-01 0
0.13457E-01 0
0.12020E-01 0

0.10710E-01 0
0.95169E-02 0

0.84345E-02 0

0.74549E-02 0
0.65707E-02 0

0.57749E-02 0

0.50606E-02 0

0.44215E-02 0

0.38513E-02 0

0.33441E-02 0

0.28945E-02 0
0.24971E-02 0

0.21471E-02 0
0.18398E-02 0
0.15710E-02 0

0.13367E-02 0

0.11332E-02 0

0.95687E-03 0

0.80471E-03 0

0.67394E-03 0
0.56203E-03 0

0.46670E-03 0
0.38585E-03 0

0.31760E-03 0
0.26026E-03 0
0.21229E-03 0

0.17237E-03 0

0.13930E-03 0

0.11204E-03 0

0.89685E-04 0
0.71437E-04 0

0.56621E-04 0

0.44653E-04 0

0.35035E-04 0

0.27347E-04 0

0.21235E-04 0

0.16401E-04 o

0.12599E-04 0

0.96248E-05 0

0.73114E-05 0

0.55225E-05 0

0.41474E-05 0

0.30967E-05 0

0.22986E-05 0

0.16961E-05 0

0.12441E-05 0

0.90705E-06 0
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ELECTRON E/P = 1.70 E/P = 1.80 E/P = 1.90 E/P = 2.00
ENERGY (V/CM/MM HG) (V/CM/MM HG) (V/CM/MM HG) (V/CM/MM HG)

EE(EV) F( EE) F( EE) F(EE) F(EE)

10.10 0.25191E-01 0.30467E-01 0.35654E-01 0.40633E-01

10 .20 0.23128E-01 0 .28242E-01 0.33319E-01 0 .38239E-01

10 .30 0.21193E-01 0 .26132E-01 0.31088E-01 0 .35933E-01

10 .40 0.19380E-01 0 .24137E-01 0.28959E-01 0 .33716E-01

10 .50 0.17686E-01 0 .22252E-01 0.26930E-01 0 .31588E-01

10 .60 0.16106E-01 0 .20476E-01 0.25001E-01 0 •29548E-01

10 .70 0.14635E-01 0 .18805E-01 0.23169E-01 0 .27596E-01

10 .80 0.13269E-01 0 .17237E-01 0.21433E-01 0 .25731E-01

10 .90 0. 12004E-01 0 .15767E-01 0.1979QE-01 0 .23951E-01

11 .00 0.10834E-01 0..14392E-01 0.18240E-01 0 .22257E-01

11 .10 0.97553E-02 0 .13109E-01 0.16778E-01 0 .20647E-01

11 .20 0.87625E-02 0,.11915E-01 0.15403E-01 0 .19119E-01

11 .30 0.78513E-02 0..10805E-01 0.14113E-01 0 .17672E-01

11 .40 0.70170E-02 0 .97765E-02 0.12903E-01 0 .16303E-01

11..50 0.62551E-02 0,.88252E-02 0.11773E-01 0 .15012E-01

11..60 0.55611E-02 o,.79474E-02 0.10719E-01 0 .13796E-01

Hi.70 0.49307E-02 o,.71395E-02 0.97370E-02 0 .12654E-01

11. 80 0.43596E-02 0,.63977E-02 0.88253E-02 o,.11582E-01

11..90 0.38437E-02 0,.57183E-02 0.79805E-02 o..10578E-01

12..00 0.33790E-02 0..50977E-02 0.71996E-02 0-.96409E-02

12..10 0.29613E-02 0..45318E-02 0.64787E-02 o,.87667E-02

12,.20 0.25868E-02 0,.40170E-02 0.58146E-02 0 .79526E-02

12.,30 0.22522E-02 0,.35501E-02 0.52046E-02 0-•71965E-02

12.,40 0.19543E-02 0,.31279E-02 0.46458E-02 o,.64961E-02

12..50 0.16901E-02 0,.27475E-02 0.41356E-02 o,.58491E-02

12..60 0.14565E-02 0,.24059E-02 0.36710E-02 o.>52531E-02

12,.70 0.12507E-02 0. 21001E-02 0.32492E-02 o..47055E-02

12,,80 0.10702E-02 0. 18272E-02 0.28676E-02 o..42039E-02

12.,90 0.91247E-03 o.-15847E-02 0.25233E-02 0<.37457E-02

13. 00 0.77510E-03 o. 13697E-02 0.22137E-02 0<.33283E-02

13, 10 0.65595E-03 0. 11800E-02 0.19362E-02 o..29493E-02

13. 20 0.55302E-03 o. 10130E-02 0.16882E-02 0<.26061E-02

13. 30 0.46444E-03 o. 86671E-03 0.14674E-02 o. 22962E-02

13. 40 0.38853E-03 0. 73891E-03 0.12714E-02 o..20 174E-02

13, 50 0.32375E-03 0. 62771E-03 0.10980E-02 o. 17672E-02

13. 60 0.26868E-03 0. 53132E-03 0.94521E-03 o. 15434E-02

13. 70 0.22207E-03 0. 44808E-03 0.81094E-03 o. 13439E-02

13. 80 0.18279E-03 0. 37648E-03 0.69340E-03 o. 11666E-02

13, 90 0.14983E-03 0, 31512E-03 0.59087E-03 o..10095E-02

14. 00 0.12229E-03 0..26275E-03 0.50176E-03 0 .87083E-03

14. 10 0.99382E-04 o.,21823E-03 0.42457E-03 o..74877E-03

14, 20 0.80403E-04 0. 18052E-03 0.35794E-03 o..64169E-03

14, 30 0.64756E-04 0. 14872E-03 0.30066E-03 o,.54807E-03

14. 40 0.51917E-04 0. 12202E-03 0.25161E-03 o. 46652E-03

14. 50 0.41431E-04 0, 99699E-04 0.20976E-03 o. 39575E-03

14. 60 0.32909E-04 o. 81117E-04 0.17421E-03 o..33454E-03

14. 70 0.26017E-04 0. 65717E-04 0.14412E-03 o. 28180E-03

14. 80 0.20471E-04 0. 53013E-04 0.11877E-03 o. 23654E-03

14. 90 0.16029E-04 0. 42578E-04 0.97486E-04 o..19783E-03

15, 00 0.12491E-04 0. 34047E-Q4 0.79700E-04 o. 16485E-03
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