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ABSTRACT E)
|
Y
It is argued from the observations of the red line
that the rate coefficient for deactivation of the excited
oxygen atoms in collisions with molecular oxygen cannot be
much less than 10“10cm33ec—l and that the solar flux in
the region of 14502 cannot be as large as the reported
measured values. It is further argued that photodisso-
ciation of molecular oxygen and recombination of molecu-
lar ions are inadequate to explain the observations and
that an additional mechanism is operative at high altitudes.
The mechanisms of fluorescent excitation and of non-thermal
excitation by photoelectrons are briefly examined and it
is concluded that although the latter may be a signifi-
cant source of excited atoms, neither mechanism explains
the observed variability. It is suggested that the vari-
ability in red line intensities is associated with the
presence of hot thermal electrons and sample calculations

are presented of the altitude profiles that, may result

from this source.



1. Introduction

From a theoretical survey, Bates and Dalgarno (1954)
concluded that the red line of atomic oxygen at 63002 is
one of the strongest features of the dayglow spectrum, and
a more quantitative study of the red line by Brandt (1958)
yielded an intensity of 50 kilorayleighs (kR), about half
arising from photodissociation of molecular oxygen in the

Schumann-Runge continuum

o2 + hy —90(3P) + o(ln) (1)

and about half arising from dissociative recombination of

the molecular ions 02

+

, *+e —30('D) +0' . (2)

0

The ground-based measurements of the red line in the
dayglow by Noxon and Goody (1962) and by Jarrett and Hoey
(1963) yielded intensities comparable with those predicted
by Brandt, but other ground-based measurements by Noxon
(1963) and rocket-based measurements by Zipf and Fastie
(1963) and by Wallace and Nidey (1964) have shown that the
intensity of the red line is often much less than the pre-
dicted value. This variation in .intensity is significant
for it suggests that the mechaniéms leading to the emission
of the red line have not been correctly identified and

described.




2. Model atmospheres

To describe the structure of the neutral component of
the upper atmosphere, we have employed the analytic repre-
sentation of Bates (1959) which is specified by the temper-
ature, temperature gradient and composition at a reference
altitude, z , and by the exospheric temperature, T(©Q ).
For the atmospheric parameters, we adopted the values

z_ = 120 km, dT = 20K/km, T(z,) = 350K

dz z,

and for the number densities of atomic oxygen, molecular
oxygen, and molecular nitrogen at 120 km the alternative sets
(i) n(0) = § x 101°cm_3, n(0,) =1 x 10 em™3, n(N,) = 5 x lollcm-B,
which we shall describe as the high 0, atmosphere, and
(ii) n(0) = § x 1011cm'3, n(0,) = 2 x 102 %m™3, n(N,) = 5 x 10t tem 3,
which we shall describe as the low 02 atmosphere. The models
appear to span the possible atmospﬁeres (Nicolet, 1961;
Harris and Priester, 1962; Pokhunkov, 1963; Jursa, Nakamura
and Tanaka, 1963; Schaefer, 1963; Hall, Schweizer, and
Hinteregger, 1963; Nier, Hoffman, Johnson, and Holmes, 1964).
The mass density distribution corresponding to the low
0, atmosphere with T(©0 ) = 750K and to high 0, atmospheres
with T(©0 ) = 750K and 1000K are compared in Fig. 1 with the

density distributions derived from satellite drag data




(King-Hele, 1963; Jacchia and Slowey, 1964; Bryant, 1964).
The red line observations that we shall discuss were carried
out in 1962 and 1963 and except when otherwise noted our
results refer to the low 02 atmosphere with T(00 ) = 750K,

an atmosphere in harmony with the drag data and an atmosphere
more easily reconciled with observations of the red line |
than are the high 02 atmospheres. The number density,
temperature, and mass density distributions corresponding

to the low 0, atmosphere with T(00 ) = 750K are presented in
Table 1.

At altitudes below 120 km we used an atmosphere similar

to the model of Jastrow and Kyle (1961).

3. Photodissociation in the Schumann-Runge continuum

o o
At wavelengths between 1350A and 1750A, ultraviolet
radiation is strongly absorbed in the Schumann-Runge con-

tinuum of molecular oxygen

0, (31 + hy —50,°2 ) —> oC’p) + o('p),  (3)
the process providing a substantial source of 0(1D) atoms
in the upper atmosphere (Bates, 1948). The rate of pro-
duction of 0(1D) atoms at an altitude, z, and for a solar

zenith angle, 9, is given by
1780

&; (?-, 9) = N(Ozlz) @(A)G‘(A}%f[-/a.(,\)]o“\ (4)

1350
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where Foo (A) is the incident flux, G'CX) is the absorp-

tion cross section and//LLis the attenuation factor,

o 1
/.A(}s) = G'(XJ n (O:. } {3,2'4- (R-i—z)lMLG}{) JJ’) (5)
(R+2)coe O
R being the radius of the Earth. For the calculation of Ql
we have used the measurements of O (A ) by Metzger and Cook
(1964) and we have supposed the solar ultréviolet flux to
be that of a black body at a temperature, TS. The limited
data (Purcell, Packer and Tousey, 1960; Detwiler, Garrett,
Purcell, and Tousey, 1961; Tousey, 1963) are consistent with
a value of 4750K for TS. The results shown in Figs. 2 to §
are actually appropriate to a solar temperature of 4500K,
but they may all be scaled to a temperature of 4750K by
multiplying by a factor of 2.9, the loss of accuracy being
negligible.
Values of the production rates of O(lD) atoms are
shown in Fig. 2 for several values of ©. Since the in-
tensity of the red line at 63002 in the night airglow is much less
than that of the green line at 5577X (cf. Chamberlain, 1961a)
and since the red line is emitted at a much greater altitude
than is the green line (Packer, 1961; Tarasova, 1963), it
is clear that severe deactivation of the 0(1D) atoms must
occur at the lower altitudes (Bates and Dalgarno, 1953;

Seaton, 1954). Deactivation by electron impact is negligible




(cf. Bates, 1960), and Bates and Dalgarno (1953) and Seaton
(1958) have argued that the deactivation probably occurs in
collisions with molecular oxygen. With this assumption,
Wallace and Chamberlain (1959) have derived from an analysis
of auroral observations of the 02 atmospheric band system a

rate coefficient, /6 , such that
- -1 - -
4 x 10 12cmSSeC <ﬁ < 10 10cmigsec 1.

Despite the fact that the mechanism does not conserve
spin, it has been suggested that deactivation of 0(1D) by
molecular nitrogen is comparable in efficiency (DeMore and
Raper, 1964) and, although the arguments are not convincing,
the possibility cannot be excluded. Because the N2 density
profile closely parallels the 02 density profile, the in-
clusion of N, deactivation would involve no important modifi-
cation of our subsequent arguments and we shall largely ignore
it.

During the day, deactivation by electron impact is still
negligible but there occurs the possibility that 0(1D) atoms
may be removed by resonance absorption of solar radiation.

There appears to be only one allowed transition, the
wavelength of which coincides with a strong solar line, and
that is the transition to the 0(2p3351D) state at 11522, the

-2 -1
solar flux in 11523 being about 109 photons cm “sec



(Hinteregger, 1961; Hinteregger and Watanabe, 1962). Despite
the substantial flux and the wavelength coincidence, the
mechanism can be discounted because the only allowed transi-
tion from the upper state returns the atom to the original

1D state.

The probability that an 0(1D) atom at altitude, z, will

o
emit a 6300A photon is given by

p(z) ={1+ﬁg.w_4 + Bn(%]z)
A6300 "Ag300

ol

= {1.32 +1.45 x 10° /a n(Oz)z)} (6)

where A‘k is the radiative transition probability for the
line of wavelength )\(cf. Chamberlain, 1961b). Values of
p(z) are given in Table 1 for /3 = lo—locm3sec— .

The intensities of red line emission for a solar tempera-
ture of 4500K and various values of the deactivation coeffi-
cient, /3, are shown in Fig. 3 as a function of solar zenith
angle. The intensity for an overhead sun varies from 433 kR
in the absence of deactivation to 1.2 kR if /Btms a value
of 10_1 CmBSec—l’ which is close to the maximum possible
for a thermal collision. Fig. 3 includes also the intensi-

ties corresponding to two other model atmospheres to show

the lack of sensitivity to the details of the number density



distribution.

To determine /3 we note that Noxon (1963) has reported
that the intensity of the dayglow red line at noon at Fort
Churchill was less than 2 kR on December 15, 1962, a result
in harmony with an observation of Wallace and Nidey (1964).
Since Noxon was observing with the sun at a zenith angle
of about 800, it follows from Fig. 3 that, for the low 0,

atmosphere with T( 00 ) = 750K, ﬁ} 1.7 x 10-1ocm3sec if
T, = 4750K and that /3 23.7 x 10 emdsec ! if T_ = 4500K.
If deactivation in collisions with N2 were significant, the
implied upper limit on TS would be increased.

Bates and Dalgarno (1954) pointed out that photodisso-
ciation in the Hartley continuum of ozone is an intense
source of O(ID) atoms below 100 km, and Cadle (1964) has
predicted an intensit§ of 2 kR for the resulting red line
emission, his calculations following Brandt (1958) in using

- -1
12cm35ec for //3. With either of the two

a value of 10
limits derived from Noxon's observations, the actual red
line emission below 100 km must be negligible.

Adopting a value of 10-1()cm3sec‘-1 for //3, we show in
Figs. 4 and 5, respectively, the emission rate and zenith

intensity as functions of altitude for a number of solar

zenith angles.



4. JTonic recombination

There is usually a good correlation between the noc-
turnal intensity of the red line and the critical frequency
of the F region (Barbier, 1957; Barbier and Glaume, 1962;
Barbier, Roach, and Steiger, 1962; Carman and Kilfoyle, 1963;
Barbier, 1964), supporting the beiief that the main excita-
tion mechanism is dissociative recombination. Originally
the molecular ion involved was identified as 02+ but it is
apparently now believed that NO+ is the major participant

(cf. Wallace and Nidey, 1964). The proposed reaction
+ +
not(x1ZT) + e—an(*s) + o(lp) (7)

fails to conserve spin. We therefore concentrate on 02
recombination as a source of 0(1D) atoms. The ionospheric
and airglow data presented by Barbier (1964) indicate that
the rate of electron removal in the nocturnal ionosphere ex-
ceeds the rate of emission of 6300X photons by a factor of
about 8, consistent with our suggestion that (7) is not an
important mechanism for 0(1D) excitation.

The nocturnal intensity of the red line is between 50R
and 100R (cf. Chamberlain, 1961a) and considerable daytime
enhancement is to be expected. The calculations by Brandt
(1958) were based upon a simple sequence of ion-removal

reactions and his results were sensitive to the adopted

reaction rates. It is now clear that the actual reaction




10

paths in the ionosphere are much more complicated (Nicolet
and Swider, 1963; Dalgarno, 1964a). Serious uncertainties
remain, the consequences of which can be largely avoided by
assuming that local equilibrium prevails between ion pro-
duction and removal rates, an assumption which is valid
below 300 km throughout most of the day but fails at greater
altitudes because of the increasing importance of diffusion.
The ion production rates, q(0+), q(N2+), and q(02+)
em™ 3sec™! have been calculated for a wide range of model
atmospheres and solar zenith angles by Dalgarno and McElroy

(1964a) and some of their results are reproduced in Fig. 6.

In order to estimate what fractions of the ions,0+,
N2+;and Ozf lead to 0(1D) atoms, it is necessary first to
determine what fractions of the ions 0+ and N2+ are converted
to 02+ ions or possibly to N0+ ions. The fractions depend
upon the electron density distribution and we have adopted
the distribution measured by Brace, Spencer, and Carignan
(1963) in a quiet ionosphere and included in Table 1. The
intensity of the red line is insensitive to the details of
the adopted electron density profile.

The reactions which remove N * ions have been discussed

2
by Nicolet and Swider (1963). They are

<+

N, te —> N O+ N (8)
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A + 0.7

N, 0, —> N, +0, (9)
+ +

N, +0 —> N, + 0 (10)
+ + .

N, +0 —> No +VN (11)

3

The rate coefficient of (8) has been measured as 2 x 10—7cm
sec.1 (cf. Biondi, 1964) and of (9) as 2 x 10—10cm3sec-1
(Fite, Rutherford, Snow, and van Lint, 1962). Rate coeffi-
cients of 2 x 10—llcm3sec_1 for (10) and (11) have been de-
rived by Norton, Van Zandt, and Denison (1963) and by Whitten
and Poppoff (1964) from ionospheric data. The analyses of
ionospheric data impose arbitrary temperature variations on
the rates of the possible processes and the derived coeffi-
cients have little quantitative significance. However, the
measured concentrations of N2+ appgrently require that one

or both of (10) and (11) be rapid so we assume that each of

3

them has a rate coefficient of 1 x 10—11cm sec_l. Since,

in the atmosphere, (10) is usually followed by
+ +
0 +N, —> NO +N (12)

the distinction between (10) and (11) is unimportant for
our purposes.
+
The 0 ions are removed by the ion-atom interchange

reactions, (12) and

+

+
0 + 02 ——> 02 + 0 (13)
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(Bates, 1955). For our calculations we have adopted a rate
coefficient of 1 x 10_11cm3sec—1 for both (12) and (13)
(Sayers and Smith, 1964) but the red line intensity depends
only upon the ratio of the rates of the two reactions.

The ion, 0, , disappears by dissociative recombination

2

+ 1 "
02 +e =—> 0 +0 (14)

throughout the altitude region in which (14) might provide a
significant source of emission of the red line. Thus, if f
is the probability that (14) produces an 0(1D) atom, the rate

of production is given by

0, = £ 4 al0) +aln) [¢n(0y)
o n(0) | I -1
TRy [[Xgnle) + oon(0,) + @ +%1)n(0)
O(l3n(02)_i1§
-1

+q(o) |1+ XKppn(N2)
o(l3n(02)

(15)

. 1
The reaction is energetically capable of producing two 0( D)

atoms so that f may be as large as 2. In Fig. 7, Qz(z) is
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shown as a function of altitude for several solar zenith angles
with f taken equal to 2. The results provide an upper limit

to the possible excitation rates consistent with the adopted
ultraviolet flux and reaction rates,

Because n(Nz) is much greater than n(02) in the altitude

region where q(0+) and q(02+) are comparable, the last term

of (15) is important only at high altitudes where the production
rates are small. Thus the intensity of the red line is in-
sensitive to the magnitudes of o(;, and ;3 provided that CKlz
is not markedly smaller than ci13. In contrast is the sensi-
tivity to the relative values of 0(8 and og. Reaction (9) is an
important source of 02+ ions at the lower altitudes where the
production rates are large, whereas the sequence of (10) followed
by (13) is important only at high altitudes where the production
of O(ID) is small. Accordingly, we illustrate in Fig. 7 only

the sensitivity to the ratio C“S/cxg , the dashed curves of Fig. 7
arising when the value of 2 x 1010 3 sec”! for &g is replaced
by zero so that most of the N2+ ions disappear by dissociative
recombination.

The possible additional source of 0(1D) atoms provided by

the dissociative recombination of no* (7) is shown in Fig. 8 on

the assumption that every NO+ recombination yields an 0(1D) atom,

The actual yield is presumably much less than unity,
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The rate of emission of GBOOX photons produced by disso-

3

ciative recombination of 02+ with °<8/ HXg = 107, "8/ %50

> X - -
= 8/, =2x 104, 11/X49 = 1,/6==10 10 n3sec 1 and £ =2

is shown in Fig. 9. The corresponding zenith intensities are
shown in Fig., 10,
Fig. 11 shows the sensitivity of the predicted intensities

to the atmospheric model,

5. Photodissociation and ionic recombination

A comparison of Figs. 3 and 11, and 5 and 10 shows
that the contributions of photodissociation and of ionic re-
combination to the zenith intensity of the red line may be
comparable, depending upon the values of Ts and f, but there
are significant differences in the variations with solar
zenith angle and with altitude. The zenith intensity has
been measured as a function of altitude by Zipf and Fastie
(1963) at Wallops Island on May 7, 1964 with the sun at a
zenith angle of 60°. We have attempted to reproduce the
observational data of Zipf and Fastie by combining the con-
tributions of photodissociation, shown in Fig. 5, and of

ionic recombination, shown irn Fig, 10, and regarding the
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solar temperature, T;, and the excitation probability, f, as
disposable parameters subject to f S; 2.

Fig. 12 shows the best fits we have been able to obtain
by this procedure for three model atmospheres. The results

for the 1000° high 0, atmosphere with T_ = 4660 and f = 2

2
agree closely with the observations, the total zenith inten-
sity being 4.8 kR of which 3.1 kR is due to photodissocia-
tion and 1.7 kR to ionic recombination. The corresponding
intensities appropriate to a zenith angle of 80° are respec-
tively 2.7 kR and 1.0 kR, the sum of which exceeds the upper
limit of 2 kR observed by Noxon (1963) at Fort Churchill at
noon on December 15, 1962. In order to be consistent with
an upper limit of 2 kR at 800, it is necessary with the
1000° high 0, model atmosphere to adopt a solar temperature
not greater than 4580K, even with £ = 0. The results for
the other models shown in Fig. 12 lead to even greater con-
flict with Noxon's upper limit. ‘

Temporal variations in the solar ultraviolet flux in
the neighbourhood of 1216A are small (Lindsay, 1963), and
there is no evidence to suggest that large variations occur
in the flux at the longer wavelengths of the Schumann-Runge
continuum. TIgnoring the possibility of temporal change in
Ts’ we have determined the values of TS which give the largest

intensities at 60° consistent with the upper limit of 2 kR

at 80°. The intensities as a function of altitude for the
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three model atmospheres are shown in Fig. 13. All of these
models lead to intensities which are markedly lower than
the Zipf and Fastie results. The situation cannot be improved
by using lower values of f and highér values of Té because,
with a deactivation coefficient, /6, of 10-100m35ec—1, the
photodissociation contribution is nearly independent of o
as O varies from 60° to 80°,

There are also discrepancies in the detailed dependence
of emission on altitude, Zipf and Fastie (1963) finding that

2 3

the emission rate is 2.6 x 10°cm” sec_1 from 120 km to 190 km,

2 - -
increasing abruptly to 5.0 x 10 cm 3sec from 190 km to 220 km.
The dependence of emission on altitude would be modified if

the deactivation coefficient,/ﬁa, were to change rapidly with

increasing temperature. As Bates (1960) has pointed out,
0(1D) atoms produced by dissociative recombination initially
possess considerable kinetic energy so that the effective
temperature controlling//g may be higher than the ambient tem-
perature. The effect is probably small since molecular oxygen
is a minor constituent at the altitudes of interest and
thermalising collisions with the major constituents, 0 and

NZ’ occur more frequently than deactivating collisions with
0,. A rapid change ofl/Q with increasing altitude will not,
in any case, remove the discrepancy between the predicted

intensities of Fig. 13 and the observed intensities. The

discrepancy can more plausibly be attributed to an additional
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excitation mechanism.
§

6. Fluorescent excitation

Bates (1948) and Chamberlain (1958) have shown that

resonance scattering of sunlight
o(3p) + A6300 —> o('Dp) (16)

does not contribute significantly to the twilight glow in

the red line and it follows from their calculations, but
including deactivation, that the yield in the dayglow does not
exceed 20R.

Fluorescence through the sequences

0(CP) + A1304 —> 0(3s) (17)
0(3s) _ o(ln)-+ A1641 (18)
or
3 1
0("s) ——>  0('s) + A2325 (19)

followed by
1 1
0("s) —> o('D) + As5577 (20)

may be a more abundant source of dayglow red line emission and
incidentally of dayglow green line emission also, for the

atmosphere is optically very thick in the triplet centered
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at  A1304.

The intensity of /k1304 has been measured by Donahue
and Fastie (1964) and by Fastie, Crosswhite and Heath (1964).
If we assume a Doppler width corresponding to a temperature
in the region of 2000K for the line and a value of 4.0 x
109 (Garstang, 1961) for the ratio of the transition prob-
abilities for the emission of /\1641 and 1\1304 radiation,
the measured intensities of A1304 lead to an estimate of
the order of 100R for the red line, an estimate which is
consistent with the fact that A1641 radiation has not been
detected in the airglow. The contribution of (19) and (20)
is much smaller because the ratio of the transition prob-
abilities for the emission of A2325 and Al1304 is 1,6 x
10_8 (Garstang, 1961).

None of the mechanisms discussed so far explains the
great variability of the red line intensity, discovered by
Noxon (1964). The electron temperature is markedly higher
than the neutral particle temperature in the F region and may
well be very variable (Spencer, Brace, and Carignan, 1962;
Brace, Spencer, and Carignan, 1963; Nagy, Brace, Carignan, and
Kanal, 1963) and the energy source responsible may also be

a source of excitation of the red line.

7. Electron impact excitation

7.1 Thermal excitation. It has been pointed out (Dalgarno,
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1964b) that a rise in the temperature of the ambient electron
gas will be accompanied by an enhancement of the red line.
Spencer, Brace, and Carignan (1962) and Brace, Spencer, and
Carignan (1963) have presented the results of measurements

of electron densities and electron temperatures from several
rocket flights. If we assume that there is no depletion of
the high energy tail of the velocity distribution, the asso-
ciated red line emission rates may be easily computed using
rate coefficients derived from Seaton (1956). The emission
rates and intensities as functions of altitude are shown in

-10
Figs. 14 and 15 for a deactivation coefficient ﬁ= 10

cmdsec” 1 .

In calculating the zenith intensities, it is necessary
to estimate the emission at altitudes above those for which
electron temperature and density data are available. We
have assumed that the electron gas is isothermal and in dif-
fusive equilibrium at these altitudes. The contribution of
the high altitudes to the é;erhead intensity is about 30%
for flight 6.02, 20% for flight 6.01, 5% for flight 6.03, and
0.1% for flight 6.04.

Flight 6.01 was fired from Fort Churchill on March 16,
1960, during spread F conditions and flight 6.04 was fired
from Wallops Island on March 3, 1961, during quiet ionospheric
conditions. The red line intensities predicted for thermal

excitation are 4.1 kR and 0.79 kR respectively. The altitude
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profiles are markedly different, the emission rate for flight
6.04 peaking at 220 km and decreasing rapidly and that for
flight 6.01 varying little from 220 km up to at least 320 km.

Flight 6.04 provides an interesting contrast to flight
6.02 which was fired from Fort Churchill on June 15, 1960,
also during quiet ionospheric conditions. Flight 6.02 is
actually very similar to the spread F flight 6.01 with a pre-
dicted intensity of 4.9 kR and an emission rate varying little
from 225 km up to at least 280 km.

Flight 6.03 was fired from Wallops Iéland on August 3,
1960, following a period of magnetic disturbance. Below
250 km the results are similar to those for the quiet iono-
sphere Wallops Island flight 6.04. However, the-6.03 emission
rate is enhanced at greater altitudes, with a second maximum
at 310 km and a relatively slow decrease above this altitude.
The predicted intensity for flight 6.03 is 1.2 kR.

The day time electron temperature is very sensitive to
small disturbances and it appears that the intensity and the
altitude dependence of the red line may be still more sensi-
tive. Thus an increase in electron temperature of 10% during
flight 6.04 would raise the predicted red line intensity from
0.79 kR to 2.1 kR, The combined profile due to such arbitrary
thermal excitation, to Schumann-Runge photodissociation with
Ty = 4610K and to ionic recombination with £ = 2 is in harmony

with that observed by Zipf and Fastie (1963), as Fig. 16
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demonstrates. This model reconciles the observation of Zipf
and Fastie with Noxon's (1963) upper limit on the intensity

at Fort Churchill if we assume that electron impact excita-

tion was negligible at the time of Noxon's measurement.

The very high intensities of the order of 40 kR observed
by Noxon and Goody (1962) and by Jarrett and Hoey (1963) can
be ascribed to thermal excitation by electrons with a tempera-
ture in the region of 4000K. Such high temperatures have
been detected, but only occasionally, on Explorer XVII (Brace
and Spencer, 1964) and it is significant that very intense
red line emission is also a rare phenomenon (Noxon, 1964).

The Explorer XVII data show an early morning maximum
in the electron temperature (Brace and Spencer, 1964), re-
lated presumably to the dawn effect (Dalgarno and McElroy,
l964b), and an early morning enhancement of the red line may
be a regular feature of itsdiurnal variation.

Satellite observations (Willmore, Henderson, Boyd, and
Bowen, 1964; Brace and Spencer, 1964) show that the electron
temperature remains higher than the neutral particle tempera-
ture during the night. The temperatures are usually too low
to give rise to significant thermal excitation and the in-
tensity associated with the nocturnal rocket flight 6.05 of
Brace, Spencer, and Carignan (1963) was a fraction of a
rayleigh. However the energy source associated with the

heating of the electrons may contribute directly to excitation
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of the red line and it is interesting to note that Barbier
(1964) has suggested that about 20R of red line emission
is not directly correlated with the normal ionospheric
parameters.

A similar effect may occur during the day.

7.2 Non-thermal excitation. A major source of heat

during daylight is the fast photoelectrons produced by
photoionization by solar ultraviolet radiation. The photo-
electrons lose energy through a complicated sequence of
collision processes, one of which is electron impact ex-
citation of atomic oxygen to the 0(1D) state (Hanson and
Johnson, 1961; Hanson, 1963; Dalgarno, McElroy, and Moffett,
1963; Dalgarno, 1964b). The resulting altitude profile

will be similar to that derived for thermal excitation and
the intensity may be of the order of a kilorayleigh in

which case the importance of thermal excitation in the inter-
pretation (Fig. 16) of the observed profile (Zipf and Fastie,

1963) must be correspondingly diminished.

8. Conclusions

Noxon's observation that the intensity of the red line
at a zenith angle of 80° is less than 2 kR places severe
restrictions upon the contributions from photodissociation

of molecular oxygen and from recombination of molecular ions.
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FIGURE LEGENDS

Figure

1. Comparison of the model atmospheres with mid-year
daytime maximum satellite drag densities
(King-Hele, 1963; Jacchia and Slowey, 1964;
Bryant, 1964).

2. Dependence on altitude of the rate of production
of O(lD) atoms by photodissociation of 0,
for the 750O low O2 model atmosphere with
TS = 4500K. Results are shown for several
values of solar zenith angle, 0.

3. Dependence on solar zenith angle of the intensity

which results from the photodissociation of

0, with T = 4500K. Results are shown for

2
several atmospheric models and several values
of the deactivation coefficient, /3. The
upper limit imposed by Noxon's (1963) ob-
servation is indicated.

L, Dependence on altitude of the emission of 4k6300

which results from the photodissociation of

'02. The results are for the 750O low 02
model atmosphere with T_ = 4500K and /6= 10-10

3

-1
cm”’sec .
5. Dependence on altitude of the zenith intensity which

results from the photodissociation of 02. The
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10.

11.

12.
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FIGURE LEGENDS -- Continued

results are for the 750O low O2 model atmosphere
with T_ = 4500K and /G= 1071%m3sec™t.
s
Dependence on altitude of the ion production rates for

the 750o low O2 model atmosphere.
Dependence on altitude of the rate of production of

O(lD) atoms by the dissociative recombination of
+

O2 for the 750O low O2 model atmosphere.
Dependence on altitude of the rate of production of
O(lD) atoms by the dissociative recombination

of NO+ for the 750O low O, model atmosphere.

2
Dependence on altitude of the emission of /\6300
which results from the dissociative recombina-
tion of 02+ for the 750o low O2 model atmosphere.
Dependence on altitude of the zenith intensity which
results from the dissociative recombination of
0,7
Dependence on solar zenith angle of the intensity

for the 750° low 0, model atmosphere.

which results from the dissociative recombina-
tion of 02+ for several model atmospheres.with
/3 lO cm sec -1 and £ = 2.

Comparison of the data of Zipf and Fastie (1963) with
the theoretical intensities at &= 60° which

’ result from photodissociation and ionic recom-
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FIGURE LEGENDS -- Continued

Figure
bination. All three models use f = 2 and /5:=

10710 n3sec™,

13. Comparison of the data of Zipf and Fastie (1963) with
theoretical intensities at © = 60° due to
photodissociation and ionic recombination for
models which lead to an intensity of 2 kR at
© = 80°. The calculations assume f = 2 and
/Q = 107 %mIsect.

14. Dependence on altitude of the emission of )\6300
which results from excitation by thermal electrons
for four measured profiles of electron tempera-
ture and density (Spencer, Brace, and Carignan,
1962; Brace, Spencer, and Carignan, 1963). The

results are for the 750o low 0, model atmosphere

2
with = 10 “10mIsec™t

15. Dependence on altitude of the zenith intensity which
results from excitation by thermal electrons
for four measured profiles of electron tempera-
ture and density (Spencer, Brace, and Carignan,
1962; Brace, Spencer, and Carignan, 1963). The
results are for the 7500 low O2 model atmosphere
with F= 10 0cm3sec™t.

16. Comparison of the data of Zipf and Fastie (1963) with

the theoretical intensity which results from
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FIGURE LEGENDS -~ Continued

Figure
the combination of photodissociation with TS
= 4610K, ionic recombination with f = 2, and
electron excitation given by the profile calcu-
lated for flight 6.04 enhanced by a factor of

2.7. The theoretical results are for the 750°

10 3

low 0, model atmosphere with /G:= 107" cm sec-l.

2
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