NASA TECHNICAL MEMORANDUM NASA-TM-77106 1

—

_ PHOTOIONIZATION _RESEARCH ON ATOMIC EEAMS.II.
" The Photoionization Cross Section of Atomic Oxygen
F. J. Comes, F. Speier and A. Elzer

Translation of 'Photomnlzat1onsuntersuchungen an Atomstrahlen. IT.

‘Der Ionisierungsquerschnitt des atomaren Sauerstoffs, " Zeltschrlft
fuer Naturforschung, Ausgabe A, Vol. 234, No. 1, January 1968
pp- 125-133.

| lgResy papy
JAN 27 1984

Aot e reatate -, CeNTER
LIGRARY, NASA
H'.MF.TO,N, VIRGINIA

e _ NATIONAL AERONAUTICS AND SPACE ALMINISTRATION
T T VASHINGTON, D.C. 20546 AUGUST 1982 f

|lIlllllIIlII[ﬂI!IﬂI!IL!I(jIﬂIIIIII||Illlil e

9830021902 " Nasa TM- 77106

~



- -

NASA TM- 77106

Neypoed Mo, 2- Go-unm-'\' Accotnion Nis. ; ,7./:.‘.'- seamey A iug M

4,

ATOMIC BEAMS, II. -The Phofglomzahon Cross Section
of Atomic Oxygen‘ S |

Titls end Sublitle PHOTO!ON lZAT]ON RESEARCH ON i % Razon D"" el

- -'-. H -1’:1— e {1 snizanen Tode . - -

Darizzmang Cezsvaactisn Qazare

Y. Comes, F. Speier, and A, Elzer | d
Physical Chemlstry Institute, 'Bonn - 5~ .
Unlvers1ty ~ 2. Work Uair Ho.

-

B ———

12

r;enizetion Nama and Address 1, Coadazr o G'cnl Mo.

. Partoim:n
Leo Kanner Associates, P.0O. Box 5187 ! NASw-3541"

13. Type o! Racort and Pariod Covera+

Redwood City, California 94063

Translation

taonsenng Agsncy Meme ond Address”

National Aeronautics and Space AdminlSlu_S”M“MQApMyCMl
tration, Washington, D.C. 20546 |

15.

Supplementary Hotes

Translation of "Photo1on1zat1onsuntersuchungen an Atom- b

strahlen. II., Der Tonisierungsquerschnitt des atomaren Sauerstoffs, "
Zeitschrift fuer Naturforschung, Ausgabe A, Vol. 23A, No 1 Jan-
vary 1968, pp. 125- 133. (A68-20280)

15,

Abstract
An experlment to determlne the absolute value of the photo-
ionization cross section of atomic oxygen is described. The
atoms are produced in an. electrical discharge in oxygen gas
with 1% hydrogen added. In order to prevent recombination
a crossed beam technique is employed. The ions formed are
detected by a time-of- fllght mass spectrometer. The concen-
tration of oxygen atoms in the beam is 57%. o

The measured photoionization cross section of atomic oxy- .
gen is compared with theoretical data. The results show;thef} . - -
participation of autoionization processes in 1onlzat10n.-¢;, T
The cross section at the autoionizing levels detected dis =
considerably higher than the-absorbotion - due to the - ‘unper- oL
turbed continuum.’ Except for wavelengths where® aut01on1z—*v~'.;' o
ation cecurs, -the measured ‘idmization:cross. ®ectiog is in. % 7} - -+
fair: agreement With :theory. This holds up to 550 wheras ¥ R
for shorter wavelengths the - theoretlcal values are much hlgh—-ﬂ’ .
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PHOTOIONIZATION RESEARCH ON ATOMIC BEAMS. II.
“The Photoionization Cross Section of Atomic Oxygen
F.J. Comes, F. Speier, and A. Elzer

Physical Chemistry Institute, Bonn University

.In two previous papers, a method to determine photoelectrical yields
absolutely was described [1,2] . The process employes the photoionization
of an atomic hydrogen beam that passes through the ion source of a suitable
mass spectrometer. Since the effective cross section of the hydrogen atom
can be calculated exactly, an absolute photon count can be undertaken with
the measured proton beam. An oxygen atom beam was generated in the same
atomic beam generator apparatus, and the photoionization cross section

was measured.

In molecular and atomic form, oxygen is a major component.of the
earth's atmosphere. Whereas oxygen at low elevations appears only in
molecular form, in the medium or high reaches of the ionosphere it pri-
marily, and sometimes exclusively, exists in atomic form. Atomic oxygen
is the most frequently found gas above 200-km. Not until an altitude of
500 km is reached does it lose this distinction to helium, and later, to

atomic nitrogen.



Degree of ionization is determined through particle density and two
other factors: spectral distribution of primary radiation and the
energy declivity of the ionization cross section. The spectrum of
sunlight that penetrates the ionosphere was measured in a series of
satellite passes, as well as by high-altitude research rockets. The
effective cross section of the oxygen atom was calculated by several
authors. 314.5. There are considerable deviations between the indi-
vidual calculations. Measurement of the photoionization of the oxygen
atom has until now not been undertaken. However, Jjust an absorption
measurement in "active" oxygen with a line spectrum background was
'undertaken.6' An oxygen-helium mixture gas resultant to a micowave

discharge passed through an absorption chamber, and the measured range

lay between 900 and 500 A.

Experimental

The apparatus (Fig. 1) has already been described thoroughly.2 It con-
sists of a UV monochromator in Seya layout, a mass spectrometer, and an
atomic beam circuit. The light source was a capillary spark gap. The
bandwidth of the light beam at the exit aperture of the monochromator was
2.5 A. Ions were detected by a time-of-flight mass spectrometer. Oxygen
dissociation was undertaken in an electrical discharge. To measure the
oxygen effective cross section, absolute calibration of a gold photo-
cathode by the hydrogen atomic beam method was accomplished; its photo-

electric yield is shown in Fig. 2.

There were 1% H2 and 8% Argon were added to the entered oxygen. .The
maximum attained concentration of oxygen atoms in the beam was 57%. Two
mass spectra of oxygen are shown in Fig. 3. Fig. 3.A. represents a
spectrum Without discharge and a wavelength of 610 A. There is suffi-

cient UV radiation energy to generate dissociative ionization of the
2




oxygen molecule. The second depiction (Fig. 3.B.) shows a spectrum
resultant to 670 A wavelength light during continuing discharge, e.g.
continuing oxygen production. Since the energy does not suffice to
build OH+, only the ion peaks of the oxygen atom and the water molecule

below mass 20 are discernable.

Because of intensity requirements, the light source utilized was a
capillary spark gap. Under certain experimental conditions, such a
light source emanates an intense line spectrum. In the wavelength
range from 910 A (the ionization potential of the oxygen atom) and

449 A, 35 lines could be used to measure the oxygen cross section.
Since line spacing was almost equidistant throughout the entire spec-
trum, this signifies that about one line per 14 A was available for
measuring purposes. The individual lines of the light source spectrum
were not always completely resélveable. One can, however, obtain an
overview about the individual lines through spectral tables, since it
is known that the majority of the emission lines are oxygen-, nitrogen-,

and argon lines.

Figure One: Schematic Drawing of Beam Arrangement
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Figure 2. Photoelectric Yield of Gold Cathode
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Conducting the Measurements and Results Thereto

Measuring the O-ionization cross section is formally composed of two
parts: 1. Measuring the effective cross section as a function of
the wavelength of light in relative units, and 2. measuring the
effective cross section in absolute units at a wavelength)\o. Two
workeable methods exist for the second step. First, the absolute
effective cross section can be derived from a pure O+ measurement.
The effective cross section 6(0+, 0) for the photoionization of

the oxygen atom as a function of wavelength A is then expressed as

. 1(07) 4(H)
(07, 0) = = T dnZ ot " 1)

(1)

where: b

A(A) is the photoelectric yield of the gold cathode at wavelength ,

IPhe is the photoelectron current,
I(0+) is the multiplier signal of the 0+ ion current,
Vi is the amplification factor of the multiplier,
Tm is the mass spectrometer transmission for ot ions,
Am is the secondary electron yield of the multiplier cathode for
O+ ions,
pA is the number of O-atoms per second that leave the exit aperture

of the atomic beam generator (circuit),
t is the average volume particle transit time in atom and photon beam,

g is the geometry factor

Inorder to determine the absolute effective cross sectionvaccording to
(1), in addition to the measured currents I(O+), Iphe’ and the yield A(A ),

the values of Vm’ Tm’ Am' Z, g,.and t must be known. Because of the low

+

0" ion currents, such a measurement is quite difficult.



One can, however, utilize a second procedure of absolute measurement
that leads to a much more exact value of 0(0+,0), and was employed here.
First, the ion source of the mass spectrometer was replaced by an ion
chamber2 , and the ion current formed in 02,1(02+) for a suitable wave-
length A o Was determined. (Known geometry circuit). Since the yield
of the photocathode is known, we obtain the 02+ -production effective
cross section cf(02+, 02) resultant to one pressure- and two current
measurements. The ion current provides the ion/second count through
utilization of a suitable electrometer amplifier. If one establishes

an equation for 45(02+,02) that corresponds to equation (1), one is

able to establish relationship (2) for the same wavelength.ﬂo.

0’(0"", O) — 0(02+, 02) 1(0%) Am(0:7) 1-«

I0:9) Am(09) T2 °
. 2
2) (2)

Additionally, to measure (f(O+,O) for a particular atom concentration
of with a mass spectrometer, the ion currént relationship I(O+)/I(02+)
as well as the relationship of the secondary electron yields Am(02+)/
Am(0+) for 02+ and 0" ions must be determined. The latter occurs
through the recording of an impulse peak spectrum at the multiplier exit
for both ion types 02+ and O+. The relationship is the result of the
middle impulse peaks of the Poisson distributions resultant to both.
Therewith, the ionization cross section of the oxygen atom for a fixed
wavelength A o 1S absolutely determined. By adjusting the relative
values at this point the absolute effective cross section for the entire
wavelength range can be determined. To carry out these measurements,
the oxygen atoms were produced in a direct current discharge in oxygen
with hydrogen and argon additives. vaygen dissociation in a electrical

discharge has many advantages over the thermal decay process with regards
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to the experiment to be carried out. As KAUFMAN and KELSO7 noted,
limited hydrogen additives suffice to heighten the degree of disso-
ciation radically. A similar, but lesser influence was noticed by
these authors with the addition of N20, N2’ and NO. In contrast, He,
CO2 and Ar did not influence the dissociation. For this reason we
chose an admixture of 1% H2 gas. The admixture of 8% argon served

to measure the temperature of the particles in the atom beam. The

temperature was 100 + 25°C,.

Measuring the degree of dissociation, i.e. the atom concentration A,
was accomplished exclusively through 02+ determination. Additionally,
the ion beam of the molecular ions with and without discharge was
determined. When considering the warming caused by the discharge,
this relationship is a direct measure of the dissociation. Ions,
electrons, and neutral particles, however, do not have a uniform
temperature. In this apparatus, however, the formed oxygen atoms
must pass a buffer volume, in which they experience a number of wall
collisions and gas shocks, before they reach the aperture of the atom
beam generator (circuit). These collisions lead to a far-reaching
thermalizétion of the particles and the deactivation of excited states.
One can, therefore, in a good approximation, determine the change in

density in the atom beam from the change in intensity of the argon

ions resultant to higher temperature.

'A knowledge of the componental makeup of the atom beam is necessary

to measure the O+ formation from oxygen atoms in the electronic basic
state. From the calculation of other authors we know that the discharge
contains metastable oxygen atoms as well as molecules. Since metastable
molecules can be ionized throughout the entire measurement spectrum

( A < 910 A) due to their low ionization energy, their portion of
T



the total ion formation can be determined in advance. Primarily
O2 molecules in thecﬂdg state and with lesser concentration in the
b’Zig*' state are noted as metastable molecules in oxygen dis-
charges.s' Oxygen atom metastable states are the lD and the 15
states. The presence of metastable excited pérticles in the beam
is quite precisely determinable through the photoionization method.

The wavelength 1026.5 A corresponds to the ionization potential of the

oxygen molecule.

02(3Z~) + kv — 02+ (A1) + e
(2 <1026,5 4).

‘3; - (3)

O2 molecules in the lowest metastable state have an ionization poten-

tial about 1 eV lower.

Oz(aldyg) + hy — Oz* (20Tg) + e
(A <1118 4). (4) (4)

Ion formation at 1086 A was tested to check for the presence of metastable
molecular states. No O2 ions were found. Since the ionization cross
sections of metastable oxygen molecules are not known, one can not
determine the upper limit of metastable particle density from the
sensitivity of the measuring apparatus. One can, however, determine

the maximal portion of metastable molecules in the measured 02+ beam,
which, according to Equation (5), is singularly significant for the
measurement of ionization probability. This portion is less than 3%

of the ions in the basic state.

g A o - . - 7. (5)
O(P) + hv > 0+(1S) 4 e- (5)

The O-atoms metastabie states are the lD and the 1S states. The tran-
sitions into the ion basic state are optically impossible from these

states. The lowest ionization potential for such a transition from these
8 v



metastable atomic states into the icnization continuum

O(D) + 2y —0O+(2D) + e-, (6a) - (6a)

9(15) +hy—>O0+(2P) + e~ (6b) ) (6Db)
correspond to the wavelengths 828.0 and 858.3 A. Both ionization
potentials lie in the continuum of not excited atoms. The deactivation
of O(lD) and also O(lS) in a collision with 0, molecules is so fast,9
that a disappearing probability of existence of metastable atoms in the
beam manifests itself. These conclusions correspond to electron collision

8, 10.

experiments quite well , where likewise no excited O atoms were to

be found.

The formation of oxygen atoms in the procedure described here results
within the given limits only in particles in the basic state. Thereby
two significant source of distortion of the measurement of the O ion-
ization cross section are eliminated. Further sources of distortion

are dissociative ionization from Hzo and 02, that lead to the population

of mass 16. .
H20 4+ hr—> 0+ +Hs Le-, Q)

(7)
O +Ahv—>0t+0 Le. (8)»
- (8)

Whereas O+ ions are not to be found in (7), O ions are found in
measureable concentrations in (8). For this reason, the effective

cross section of ot formation o—«ﬁ) 02) was measured using (8).

Fig. 4 shows the energy declivity of ﬁhe effective chss section ac-
cording to (8), for the light source emission lines utilized in measuring
the photoionization of the oxygen atom. The measureable ion beam has a

wavelength range between 660 and 644 A. This energy corresponds to

the process

02(°5¢") + h» > 0+(%8) + OFP) + e-. <si>; e (9)

. ) “‘ ;.




The calculated threshhold energy for this ionization process is

11. Electron collision values for the process (9)

8, 12, 13.

18.72 eV (2 6623)
are 19.2 and 18.9 eV + 0.2 eV respectively. Through the
dissociation of the O2 molecule into a negative and a positive ion,
o also results, according to equation (10)

02(%2 g~) + energy --0t(4s) + o~ (?p) (10)
The authors here show values between 16.9 and 17.2 eV. The calculated
value lies at 17.27 eV (2 718 A). Although an absorption of light,
that according to (10) should lead to dissociation, consitutes an optically
permissible transition, no ot ion current is found for these guanta
energies. The effective Cross secfion must, therefore, be guite small,
The measured ion current for the line 660 A eguals zero within the failure

limits shown in Fig. 4. This signifies that in this experiment no O+

formation was noted for the energy 18.77 eV,

After consideration of the O' formation through dissociative ionization
of the oxygen molecule} it is possible to calculate the values of ioniza-
tion cross section of the oxygen atom shown in Fig. 5. The values shown
are average values from ten independent measurements. The error

of the effective cross section for a certain wavelength shown in Fig.

5 is composed of the error of relative and abolute measurement, and that
of the'absolute scale adjustment. The error of the relative effective
cross section CT(O+, 0) is, for certain favorable wavelengths, no greater
than 3%, but on the average 7%. In éddition to the errors in relative
values, the total error of the absolute values also contains the pressure
measurement error in the ionization chamber, the photoelectric yield
error, the error in determination of degree of dissociation and ion cur-
rent relationship, as well as the error from the adjustment of relative
values to an absolute determination. From these factors, an average

quadratic arror of 10% is estimable for the values in Fig. 5. 10
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DISCUSSION OF THE MEASUREMENT RESULTS/FINDINGS

The effective cross section of the photoionization of the oxygen atom depicted in
Fig. 5 shows not only the measured points, but also a median curve, that at best
connects the measured points to each other. In the range of median energies, this
curve was not drawn in. Values falling sharply outside of the median curve are to
be considered as maxima. Further, two results of calculations of the effective

5.

cross section by DALGARNO, HENRY and STEWART, are shown. Curve A was calculated

according to the dipole-length approximation, Curve B according to the dipole-speed
approximation. The calculations represent only the cross section effected by

direct transitions into the ionization continmummm. Transitions to quasistationary
states above the ionization boundary were not considered. These latter transitions,
that in the case of the oxygen atom for the most part lead to autoionization, occasion
a s’crohg structure of the effective cross section. Since these measurements were
carried out against the background of a line spectrum, the full structure is only
observeable in the case of the energy of an emission line of the light source coin-
ciding with that of an autoionizing state.  Should thesé autoionizing states be

very wide, as is the case with the noble géses in the range of 2P3 /2 and 2Pl /2t then
the chance of such a coincidence is great. Should the lines however be narrow resul-
tant to the their long lifespan, one would only seldom find such a coincidence. However,
in the latter case, the autoionizing states of a Rydberg series can be considered an
isolated terminus: the continuum between them is only little or not at all disturbed
by autoionization. One can in this case expect that in an experimental structure such
as this one, maxima, and if circumstances dictate, minima, of the ionization cross

- section will only seldom be registered, and that for the most part, will either provide

the effective cross section of the undisturbed continuum, or the values for the autoion-

ization in the sphere of the resonance.

The latest calculations of the absorption behavior of atmic oxygen however shows that

the autoionizing termini of the oxygen atom are in the range of the (4S°)- and (2D°)—

12



4. ((The symbol ° indicates odd

states of the o' ion and are not very broadened.l
(uneven) parity throughout this paper)). This means that precisely the described
phenomenon of quasiisolated termini appears. Thus, they substantially represent
the ionization continuum calculated by bALGARNO and coworkers.5' One can then
conclude, by comparing measurements and theory, that both coincide within the margin
of error. The median value of the effective cross section lies, however, somewhat
lower than the theoretical curve calculated according to the dipole length approxi-
mation.

. ) 2 2 3 . - 4.0 250
The oxygen ion has a (1s) (2s)” (2p)~ configuration. The states S3 /27 D5 /2,3/2,

and ZPg /2,1/2 * Nine optically allowed series converge onto these lowest ioni-
14
zarion states of the oxygen atom:
1) 2p3(48%) ns 380, an | (11
2p3(4S% nd3DO. (12)
- (12)

(11) and (12) are without interest for the discussion of ionization cross sections,

since the termini lie below the lowest ionization border

2) 2p3 (D% ns" 3DO, (13)
350, (13)

2p3(2D% nd’ {3P°, (l14a—c
3Do’ ) (14a~C)

Of these serijes, the transitions from IpY (14b) are not allowed by the rules of auto-
ionization. These are therefore observed in the emission. Lines of autoionizing

series are slightly diffuse.

3) 2p3(2P%) ns" 3P0, (15) . (15)
9p3(2P) nd”’ 3po,
“PHER)nd" {apo (162, b) (16a-b )

3,0
4

Whereas the termini of (15) and (16a) can only decay in the continuum to nd'"P~, an

autoionization of the termini in (16b) is possible in several continua.

0 continuum shows that for

An investigation of the measured points in Fig. 5 in the 4S
the positions 879, 772, and 747 A, the measured points diverge from the median curve
substantially. The emission lines of the light source are in most cases groups of

13



lines, and the indicated wavelengths represent only the concentration of these line
groupings. No optically allowed transitions can be excited through absorption of the
line at 879 A, whose decay into the 4S0 continuum through autoionization is allowable

by the rules of selection.ls' However, absorption into the 2p3 (ZPO) 3s"3P0

state
is optically allowable, since this state energetically correlates to the position of
an emission line. Because of the demand to sustain the rotary impulse, this state
can not decay into the lowest ionization continuum. The following transitions with
susequent autoionization into the 480 continuum are possible for the absorption of
the wavelength at 772 A:

350,
Do,

2p3 (2D9) 44’ {

Likewise, for the absorption of the line at 747 A:

330
3P0,
2.0

In the range of the second ionization continuum “D” are three measured points that

2p3(2DY) 6d'{

are also significantly higher than usual, namely those at 724, 686, and 672 A. Absorp-
tion termini with permissible transitions into the ioniiation continum are available
for all three lines. The following transitions exist to interpret the measured values

at wavelength 724 A: 2po
2p3(2P0) 3 d"{aDo’

For absorption at wavelength 686 A the transitions:
3po

P
2 p3(2P0) 54" {3])0

and for that at 672 A the transitions:
2p3(*P%) ns” 3P0, o

: 3pe
2p3(2P%nd” {sDo’
where n=9, 10, 11. The indicated peak ﬁlue at wavelength 526 A has no particular

O atomic state, since the locus of the termini below 665 A is not known.

No median effective cross section was indicated in Fig. 5 between 731 and 665 A.

No transitions exist for the three lowest measured points that can lead to autoionization.

1k




It is to be expected that the locus of these points corresponds to the locus of

the 2D0 continuum. A divergence of these points from the value for continual
absorption would be possible, if a clear broadening of the autoionization termini

were present in this area. Such an effect manifests itself for the autoionizing

lines in this wavelength range.l4' Despite this, it can be assumed that the effective
cross section in the range of the ZPo continuum will be lower than that calculated

by DALGARNOVand coworkers .5' The measured points above the ?‘DO state of the ot ion
correspond well to those calculated by DALGARNO according to the dipole speed approxi-
mation formula up to 550 A. However, below 550 A, the measured effective cress section
falls rapidly with a shrinking wavelength. Those values calculated with the dipole

speed approximation are also considered probably better by the authors.

Since oxygen is the most important component of the upper ionosphere, its effective
cross section is of great significance in calculating charged particle density and
particle temperature. Measurements of radar returns have shown that during the

day at altitudes higher than 300 km, the temperature of positive ions is higher than
that of neutral particles.ls‘ These conclusions agree with theoretical prognoses,
when one assumes the heating of ionic components through elastic collisions with

hot electrons and their cooling off through elastic and unelastic collisions with
neutral particles.l7’ 18. Since the electrons resultant to photoionization are the
primary energy carriers, knowledge of their primary energy distribution is of special
interest. This distribution can, however, be estimated from the spectrum of ionizing

radiation and the effective cross section of those particles that attain ionization.

Absorption from the basic state of the atom is of especial significance for the

photoionization of the O atom in the upper ionosphere:

OCP) +hviso080+(sS) 1o-, (1) (a7)
O(3P) 4 hy <7824 O+ (2D) 4 -, (18) - (18)
O(3P) + h»21<8858 O+(2p) 1 o- (19) .

A G AT (19)

15



One must also, however, consider exciting electron collisions, that

lead to the formation of excited atoms. O can be a lD state here.

O(FBP) - e-—=0* L e~ - (20) (20)

As SAGALYN and coworkers have found, high values show up in the electron
temperature for a short time after sunrise in an altitude of 250 km.19°
A cooling off of the electrons through collisions with neutral oxygen

atoms becomes important.zo' The emission of red oxygen lines from the

disallowed lD--3P transition were observed simultaneously with the high
value electron temperature. The high temperatures of the electron gas

are only present for a short time after sunrise, so the probability for

the process (20) becomes rapidly smaller.

Since the O ionization cross section was measured with a line spectrum,

a comparison of the solar spectrum with that of the light source is inter-
esting. The intensity of the light source spectrum is quite high in the
lower energy range of the oxygen ionization continuum, and doesn't drop

to 1/10 of.the value until it falls below 680 A. Between 800 and 910 A,
the solar specfrum shows a relatively intense emission .continuum, that is

20, 2. mpese oxygen lines

covered with strong oxygen lines at 834 A.
are strongly emitted by the light source. Furthermore, down to 450 A,

a row of oxygen and nitrogen lines appear in the solar spectrum, that

are all present in the light source spectrum, since this is advantageously
composed of the familiar oxygen, nitrogen and argon lines. This however
signifies that the effective cross section of the oxygen atom measured
with the line light source can be utilized directly for the calculation

of the ionizing effect of solar radiation. Below 630 A, one finds several
strong helium, neon, magnesium, and silicium lines as well in the solar
spectrum. However, in this range the measured-effective cross section is

almost without structure, so that one can interpolate quite well between

the measured points. The aforementioned sunlight continuum between 910 and
16




800 A is of especial significance to the ionization of the oxygen atom.
Here, a number of autoionization processes give the ionization cross
section a strong structure. The measured effective cross section for

the autoionization in the 450 continuum can assume the tenfold value

of the undisturbed ionization continuum, as the measured point for the
wavelength 747 A shows. It is however not certain whether this recorded
measured value corresponds to the maximum of the autoionizing termini
grouping. One can probably assume that the absorption in the range of

the autoionizing termini is significantly higher. Even if the coincidence
of an oxygen terminus and one of the lines in the line packet at 747 A
should be exact, its intensity is only a small fraction of the intensity
of the entire line grouping considered for the calculation of the effective
cross section. The autoionizing termini of the oxygen atom are of lesser
significance for the solar radiation-occasioned oxygen ionization below

800 A, since there is only a marginal coincidence between the emission lines
of the solar spectrum and the autoionizing termini of oxygen in this wave-
length range. There is possibly such a coincidence present at 770 A.

With the aid of an intensity specification of the solar spectrum, and

the measured effective cross section of the okygen.atom, it is possible

to estimate the extent of the oxygen ionization; This shall, however, not
occur within the framework of this study, and shall be deferred to a later
time, once the measuring of the ionization cross section with the background
of a continuum has been accomplished. Such a méasurement will result in

a more precise estimation of the contribution of the autoionizing termini

to the ionization of the oxygen atom.
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