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Abstract

In-situ determinations of the quenching of 0( D) atoms by N2 and Op mole-

cules have been made from observations of 6300A nightglow intensity enhancements

produced by the Platteville 1.6 Mw transmitter. Ihe heating of F-region

electrons near the point of reflection of the rf wave leads to electron impact

excitation of oxygen atoms to the 0( D) state. It is shown that the resulting

region of enhanced 6300A emission is localized to the region of electron energy

absorption for heating at the lower altitudes. At 225 tan the measured time

constants for intensity buildup following transmitter turn-on and for intensity

decay following turn-off are identical and equal to (13 +1) sec. Time constants

varying from 30 - 80 sec are found for the altitude range 260-300 km. The inferred

quenching coefficient for the whole altitude range, 225-300 km, is k = (4.4 + ̂ )

x 10 cm /sec at 950°K, in good agreement with laboratory data. The quenching

frequency obtained at 225 km, when referred to the altitude 120 km, is equal to

(21 +_ 2) sec" , in agreement with less direct ionospheric determinations



Introduction

The natural lifetime (110 sec) of the metastable 0(T>) state is expected

to be significahtiplnartened by quenching cô ksloriŝ ih1 the Earth's ionosphere

at altitudes tie'low * 350 km. This expectation' is basei upon a consideration of

laboratory measurements of the relevant quenching coefficients, e.g., k (N2) »

(5 + 2) x 10"11 and k (00) « (6 + 2) x 10"
11 cm3/sec at 300°K [Clark and Noxon.— q 2 - ,

1972j Noxon , 1970; Young et al.. 1968],.and the expected height distribution of

the,quenching molecules. However, there is very little direct information

concerning the 0(T)) lifetime in the ionosphere; one example is the measurements

of Peterson and van Zandt [1969], in which changes in the 6300A (*D -*• 3P)

nightglow intensity were correlated with F-region electron density and emitting

layer height changes to obtain an average of the 0(T)) lifetime over the emitting

region.

The recent use of powerful ground-based transmitters to produce significant

increases in the energy of the electrons In the P region [Utlaut, 1970; Gordon »

et al., 1971] has provided a means for carrying out experiments involving con-
'N

trolled changes in the ionosphere. These changes can then be compared with

predictions derived from â  model which includes those processes which are believed

to be significant in determining the ionospheric behavior. As an example,

observations of transient 6300A Intensity changes were successfully correlated

with a model of the production of 0(1D) atoms in the F-region [Biondi et al.. 1970],

This model is based on the production- of 02 ions by the 6* + 0- charge transfer

reaction, followed by 0("T3) production by the ot + e dissociative recombination

reaction. In this model, the 0(T)) lifetime and the dissociative recombination

lifetime determine the shape of the intensity transient. Inasmuch as the 6300A

intensity transients produced to date have been very weak, no accurate determi-



nations of 0(1D) lifetimes have been obtained from these measurements.

Iti later experiments performed in conjunction with the Plattevllle, Colo,

transmitter operating in a more efficient heating mode [Utlaut and Cohen,

1971] much stronger 6300A intensity changes have been produced,apparently as a

result of impact excitation of 0(̂ P) atoms by fast electrons. In this case

the 0( D) state lifetime enters simply and directly in the analysis, and hence

we have been able to determine the lifetime with reasonable accuracy from our

observations of 6300A intensity changes [Sipler and Blondi. 1971].

The geometry of the experiment is shown schematically in Figure 1. The

1.6.Mw c-w transmitter, capable of operating at frequencies between 5.3 and 10

MHz, is located at Platteville, Colo, (near Denver). Circularly polarized

waves are projected vertically from the antenna array and are bent by the

magneto-plasma (the ionosphere In the Earth's magnetic field), the"ordinary"

circular polarization (0-mode) bending north until it is normal to the Earth's

magnetic field (dip angle, 68°) at the point of reflection. The "extraordinary"

circular polarization (X-mode) is bent southward until it parallels the magnetic

field at the point of reflection. Prom the maps of electron temperature change

produced by the Arecibo heating transmitter [Gordon et al.» 1971] it appears

that the heated electron region is sometimes rather localized to the reflection
Vi

point of the wave (within some tens of km), showing slight elongation along the

magnetic field due to the higher electron conductivity along the field lines.

Thus, the radiation from the 0( D) atoms produced by electron impact excitation

of oxygen atoms may be sufficiently localized in altitude in these experiments

that a single lifetime can be used to characterize the emitting states. In this

case the analysis of the 6300A intensity changes produced by the rf transmitter

provides a direct measurement of the 0( D) lifetime in the vicinity of the



reflection point of the rf wavd.

In the next sections, we discuss the processes leading to 6300A radiation

in these experiments, describe the photometer apparatus used to measure the

6300A intensity changes, give examples <& the data obtained, and analyze the

data to infer the OĈ D) lifetime as a function of altitude. We then combine

these results with a model of the neutral atmosphere's composition to obtain

the quenching coefficient by N2 and 02 molecules.

Processes Leading to 630QA Radiation

We consider the production and loss of OCl)) atoms in a quiet, night-

time ionosphere periodically irradiated by a radio frequency wave which is

reflected (and partially absorbed) at some point in the F2 region. The effect

of the rf wave I is to impart energy to the electrons in the F-region; the

electrons reach a new quasi-stationary energy distribution in the presence

of the heating wave on a time scale which is usually short compared to the

times of Interest in our analysis [Melt 2 and LeLevier. 1970]. Thus, the

differential equation governing the concentration of 0(T)) atoms may be

written In the form:

acWat - Qp + Q^ - (i/T̂ Ĉ ] - 1.1 kq [NgDĈ -D] + D̂ D̂], (i)

where the [] brackets Indicate particle concentrations. The source term result-

Ing from dissociative recombination between Op* ions and electrons,

(2)



depends on the effective recombination coefficient, o(T3), for production of

the *D states directly and by cascading from higher lying states. Zipf [1970]

has shown that at 300°K vl.O (TO) states are produced per electron captured

by Op*. (A similar term nay possibly be needed to account for T) production by

recombination with NO* ions but has not been Included.) As noted above, this

source term (2) appears to account for the 6300A radiation from the nightglow

and its variation with rf heating observed in our earlier experiment [Biondi.

et al.» 19703. . .{

When a sufficient number of; electrons receive energies exceeding ̂  2 eV

from the rf heating, impact excitation of ambient oxygen atoms leads to sig-

nificant production of the D states; this source term may be represented by

0>

J
f(e) ov (e)v de (3)

where f(e) is the normalized energy distribution of the electrons, o (e) is

the cross section for excitation of the D state from the P ground state by

Impact of electrons with energy e, and v is the electron velocity corresponding

to the energy: e.

This third term on the right of (1) represents the natural decay of the D

state by emission of the 6300 and 6364A wavelength transitions; T has been

calculated to be 110 sec [Garstang. 19513- The fourth term represents quenching

by collisions with ambient molecules. laboratory measurements of k [Clark and

Moxon, 1972; Moxon. 1970; Young et al., 19683 indicate that N0 and 00 are com-
———. ——— • f. £.

parably effective; thus since [02 3 * 0.1 [N23 over the altitude range of interest,

220-300 km, we have simplified the analysis by lumping both processes Into a

single term, 1.1 k [N23 [T>3. (Electron quenching of 0(1D) with a coefficient



1.7 x 10"9 cmVsec [Seaton. 19553 is negligibly slow at F-region electron

concentrations.)

The final term on the right of (1) represents the diffusion of the

excited atoms with diffusion coefficient, D , and can be shown to be relatively
•- . % " ^» *

unimportant on the time, scales , 10-90 sec, of interest here. Thus, the 0( D)

concentration is governed by a, continuity equation consisting of two source

terms which are sensitive to the electron energy distribution produced by

the rf heating, and a volume loss terra which may be written as (1A1) [T>],

where . • ' ' " . ' • • ' • ' ' • • ' ' • • • . . '

[N2] = (lAn) U/D(z)}

where D(z) is the so-called i Stern-Vblmer factor (see, for example Mitchell and

Zemansky. [1961]). .

The source terms QL and Q change In opposite ways with electron heating.

The recombination coefficient between 02 ions and electrons has been shown

[Mehr and Blondi, 1969] to vary approximately as Te~ * for the electron tem-

peratures of Interest, leading to a decrease in Q with increase in T . The

Impact excitation of oxygen atoms requires electrons with energies exceeding

* 2 eV; if the electron energy distribution remains nearly Maxwellian during

rf heating, this leads to a sharp electron temperature dependence for Q . An

estimate of the expected 630QA surface brightness from the F-region as a

function of electron temperature has been made by Carlson [1969] using the

calculated cross section for excitation to the D state [Smith, et al.t 1967;

Seaton, 1953]. He assumed that a layer 150 km thick and at a constant density

appropriate to 350 km altitude was excited by electrons heated to a temperature



T . In the present paper, the surface brightness attributable to direct

excitation at an altitude of 300 km has been calculated from the expression

) D(z) dz, (5)f
assuming that the electron energy distribution f(e) In (3) Is characterized

by a constant elevated temperature T over the heated volume between z^ and

Z2. Numerical integrations of (5), using an appproxlmate fit to the calculated

excitation cross section and a model atmosphere given in Table I

have been carried out, with the results shown in Figure 2.

The thickness of the uniformly heated layer is the parameter on these curves;

Carlson's estimate (which has no quenching or altitude dependent densities)

evidently overestimates the intensity enhancement.

This "Intensity enhancement" produced by Impact excitation is partly

offset by the "Intensity suppression" produced by the decreased dissociative

recombination rate. In the earlier analysis of the intensity suppression sig-

nals [Biondl. et al., 1970] it was assumed that the whole of the nightglow

emitting layer within the field of view of the photometer was suppressed in

intensity in estimating the change of T produced by the heating transmitter.

However, both backscatter measurements [Gordon, et al., 1971] and our spatial

scans Indicate that the heated region is sometimes rather restricted in altitude.

Thus the rise in T_ required to produce the observed suppression signals may
6

be significantly larger than originally estimated. Of more Importance to the

present paper, restricting the affected region of the ionosphere to a small

fraction of the 6300A emitting layer leads to conditions such that the Intensity

enhancement signals should strongly outwelgh:the suppression effect, thus



simplifying the analysis. In the Discussion section we shall show why

diffusion of the heated electrons along the earth's magnetic field lines

leads to only a modest spreading in altitude of the enhanced emission zone.

Apparatus

The instrument used in this work is a two-channel spatial scanning

photometer with an automatic control and data recording system, as shown

schematically in Figure 3. Two identical photometers are used for simultaneous

observation at two wavelengths. A mirror driven about two axes is used to

effect a spatial scan. Pulses from the phototube are counted and recorded

on 1/2-inch computer-compatible digital magnetic tape.

Each of the photometers consists of an interference filter, lens, and

photomultiplier detector with an aperture to define the field of view (6°).

Pour interference filters of half width * 11A and peak transmission •>• 65# are

provided, two for each photometer. One photometer employs either a 6300A

or a 5552A filter, while the other photometer employs either a 6333A or a

5577A filter. This permits observation of the red and green lines simultan-

eously, or one of the lines and a nearby spectral region to be used as a

background intensity monitor.

The lens is a 2-inch diameter 5 inch focal length achromat. Light coming

through the lens la focussed on the photocathode of an EMI 9558A phototube.

The 9558 tube is selected for low dark current and high red sensitivity. A

1/2-inch aperture is placed Just before the photocathode, defining the field of

view of the photometer. In order to eliminate the electrons from the area of

the 2-inch photocathode outside the aperture, a cylindrical magnetic lens is

placed in front of the photocathode. The diverging magnetic field carries



electrons from the edge of the photocathode to the walls of the tube, avoiding

the multiplying surfaces. Thus the electrons In the center are the only

electrons to be multiplied and counted. The photomultiplier tube, aperture,

and magnet are contained within a PER model TKL02TS thermoelectric cooler, which

reaches a temperature of about -15°C, close to the optimum temperature for the

phototubes (-20 C).

The scanning mirror is held on a frame which .is movable about an axis

in the plane of the mirror .(y axis). The mijsror frame is mounted on ball

bearings on a secondary frame which is movable about the x axis (perpendicular

to the y axis and on the axis of the photometers). A stepping motor is used

to drive each axis. The stepping motor for the y axis is placed as close as

possible to the x axis in order to minimize,the moment of inertia about

the x axis. The entire photometer and mirror system is mounted an an azimuth-

elevation mount, so that it can be aimed at any point in the sky.

The spatial scan and the data acquisition intervals are controlled by a

100 kHz crystal clock. The mirror position is changed, typically at 1 or 2

sec intervals, by a progranmed series of pulses to each stepping motor to

achieve a pre-selected scan step. A raster scan is used in which the mirror

axis drives are progranmed to provide a repeated search pattern, typically

3x3 elements, with an element separation of -v 8°. At each mirror position

change, the photomultiplier counts accumulated in the counters are transferred

to the Kennedy Model 1600H incremental tape recorder and to a Brush Model 220

chart recorder in analogue form. In addition to the two 18 bit counter words,

the time, filter-in-use, and scanning mirror position information are placed

on the tape..

Absolute intensity calibration of the photometer is provided by a low

brightness phosphor source activated by radioactive C . This source has been



calibrated by E. Marovich at NOAA.

Measurements,

Tne measurements were carried out in conjunction with the Institute for

Telecommunication Science's Platteville heating transmitter (40.l8°N, 104.73°W)

located near Denver, Colorado. The optical photometer was located near Erie*

Colo., approximately 26 km WSW of the transmitter (refer to Figure 1). An

ionosonde was operated by ITS at the Erie site, producing complete ionograms

about every half minute, thus providing electron density vs altitude profiles

to correlate with the photometer observations.

Most of the observations reported in the present paper were made with

the transmitter's antenna propagating the 0-mode polarization. Such propa-

gation evidently leads to sufficiently strong r-f fields at the absorption

point In the F~ region to trigger strong plasma instabilities which in turn pro-

duce a strongly non-Maxwelllan electron energy distribution [Perkins, and Kaw,

1971]. There is a sufficient number of energetic electrons (>_ 2 eV energy) to

produce significant Impact excitation of"the 0 atoms to the D state, leading

to observable 6300A intensity enhancements.

Examples of the nightglow enhancements observed during September and

October 1970 are given in Figures 4 and 5- The absolute intensities were

obtained by substracting from the 6300A channel count rate the continuum

contribution determined from the 6333A background channel. (The 6333A channel

showed no variation in intensity with the turning on and off of the transmitter.)

Intensity enhancements of * 15-40$ over the ordinary 6300A nightglow values

were noted on these nights. Reference to Figure 2 indicates that, for a thin

emitting layer, an electron temperature of 2500°K or more is required to produce
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the observed effect. Such a large temperature rise Is not expected for ordinary

colllslonal heating of the electrons by the electromagnetic wave (deviative

absorption), lending support to the plasma wave heating hypothesis.

The data of Figure 4 represent intensities measured at the central scan

position of a 3 x 3 scan pattern. With a dwell time of 2 sec. at each position,

the data points are therefore spaced 18 sec. apart in time, leading to some

uncertainties in the determinations of the D quenching lifetimes. It is

interesting to note that'at> 2132 :MDT,. when, the critical frequency fQF2

dropped below the heating frequency f-, an abrupt fall in intensity was observed,

indicating that'the production ,of̂ energetic electrons decreased sharply, with

a consequent decrease ih-excitation :pf oxygen atoms tp
: the, D state; At the

,. • '•* * .•', •* '*t • '•'*-.**" i" *«."•- • ' • - ' - .' • • ' • • : ' • - • , ' » - " * ' * '
. ' . ',•.'. •.' ' * • " - * • • , , • . ' ' * " * " " •""*'* ' '* * ' •* « " '. • •*",',*'•'•'*'"'' . • . .'. -
next transmitter turn pn̂ftt.''̂-'"21,̂2 MDT, no.JJitensity enhancement was observed

(instead there.was an in̂ catipn' of .â v̂eak intensity suppression) suggesting

that significant production'of > 2. eV electrons had ceased. The implications

of this apparent change in.the.excitation'of .the electrons-by the heating wave

will be discussed in a later paper. . . -:

The data of 3Q October 1970 presented in Figure 5 were obtained with the

photometer aimed at one point in the sky and a dwell time of 1 sec/point; thus

the data appear, dense on the time scale of the figure and provide a sufficient

number of points to determine the D lifetime accurately. In the 30 October

experiment, the sensitivity of the intensity enhancement to transmitter power

was being studied, as indicated by the power levels under each enhancement.

On the third cycle the transmitter failed shortly after turn-on.

. For completeness we indicate in Figure 6 the very different behavior

observed on 30 September 1970 when X-mode propagation was used at the same

transmitter power levels. A 6 min. on - 6 min. off cycle was used, and instead
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of an enhancement of tens of Rayleighs, a transient decrease of * 2 Ray.

was noted when the transmitter was turned on, with a comparable transient

crease when the transmitter was turned off. This behavior is consistent

with our earlier observations and analysis of the X-mode heating effect

[Biondi, et al., 1970]. The data in Figure 6 were obtained by coherently

sumning the points obtained during the four on-off cycles between 2100 and

2148 MDT. 'iMs procedure reduced slightly the statistical fluctuations in

the determination of .the * 2 Ray. modulation of the 110 Ray. nightglow

intensity.

Discussion

The data of Figures 4, 5, and 6 may be used to determine effective life-

times of the 0( D) atoms at various heights in the F̂  region. The most

accurate determinations are obtained from the 1 sec. per point measurements

of Figure 5. The observations during the latter portion of this run (beyond

* 1840 MST) were degraded by a thick cloud layer which drifted into the field

of view.

For the case of intensity enhancements produced by electron impact
4

excitation of oxygen atoms it is readily shown that if the heated electrons

reach a terminal energy in a time short compared to the 0( D) lifetime given

by CO, the 6300A intensity approaches the new equilibrium value with a time

constant equal to this lifetime. Thus the data of Figure 5 have been analyzed

by talcing differences between the observed intensity at each instant and the

equilibrium value it is approaching. The results for the first turn-on

and turn-off of the transmitter are plotted in Figure 7. It will be seen that

the data fall on exponential decay curves over an order of magnitude change of
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intensity and that the two tine constants are in good agreement. Similar inten-

sity difference curves for the second on-off cycle (at 1.5 Mw power) of the

transmitter yield time constants of (11.3 ± 1) and (12.0 + 1) sec. Much greater

scatter in the intensity difference points is. noted during the later trans-

mitter on-off cycles (at 1.28 and 1.21 Mw) as a result of interference from

the buildup of clouds.. In spite of this difficulty, a time constant of

'* (13 1 *0 sec. is obtained for these later transients, in satisfactory agree-

ment with the results from the earlier transients.

One observation of an exponential decay over an order of magnitude change

in Intensity difference suggests that at most a small range of 0( D) lifetimes

is associated with the 6300A enhanced emission layer. This in turn implies

that the enhanced emission layer is localized to an altitude range substan-

tially less than a scale height of the N~ molecules (*v 27 km), since the * 13

sec T) lifetime must be almost completely determined by molecular quenching.

Let us now see if such localization is consistent with the expected diffusion

of the exciting electrons upward and downward along the magnetic field lines.

Ihe small group of * 2 eV electrons produced by the Instability heating

will lose energy by long range electron-electron interactions with the large

number of near-thermal electrons in the "body" of the energy distribution. At

an electron density of 3-5 x 10 cm. (corresponding to plasma resonance

with the transmitter at f - 5.3 MHz), the fast electrons lose appreciable energy

as a result of electron-electron interactions in less than 1 sec. [Swartz, et al.,

1971]. Collisions with ambient N2 molecules at 225 l<m (the altitude of

transmitter energy absorption for these data) lead to a comparable relaxation-

time [Frost and Phelps. 1962].

We assume that the spread of these fast electrons is governed by ambipolar

diffusion; that is, the positive ions must follow in order to maintain near-
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neutrality. (Possible Interchange at a free diffusion rate of fast electrons

at one altitude with slow electrons at another altitude is neglected.)
o *

If we use a Spring/Fall model atmosphere with T - 950 K [U.S. Standard

Atmosphere Supplements, 1966] to obtain the concentration of the various neu-

tral constituents (these values are quite close to those given in Table I),

it is possible to estimate the ambipolar diffusion coefficient for the fast

electrons from the known ion mobilities of the various positive ion/neutral

molecule constituents, e.g. 0 in Np. (The normalized mobilities are in the

range u * 2-3 cm2/V-sec [McDanlel, 1964].) At 225 km, an ambipolar diffu-
10 2sion coefficient for the electrons of < 10 cm /sec is obtained, with the

result that the mean distance a fast electron diffuses along the magnetic
1/2

field before losing its energy, z *• (2 D -r) , is substantially less than
• a,

1 km.

The diffusion of the 0( D) atoms away from their point of creation can

also be shown to be small at the 225 km altitude of enhancement. The dif fusion

coefficient for the excited atoms at this altitude may be estimated from

momentum transfer and excitation transfer cross section data for metastable
Q ?atoms [Massey, 1971], leading to a value D y 10̂  cm /sec. Consequently during

• . A

its .> 13 sec lifetime before quenching, an 0( D) atom diffuses the order of

1 km from its point of creation.

Thus, unless the process which produces energetic electrons extends over

an appreciable altitude range, the 6300A radiation originating from electron

impact excitation of oxygen atoms should be localized in altitude to consider-

*
This value was chosen on the basis of a determination by G. Hernandez of a

6300A doppler temperature of (950 + 30)°K in interferometric observations from

Fritz Peak on the same evening.
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ably less than a scale height of the quenching molecules. This conclusion

Is In harmony with our finding of a single 0(T)) lifetime associated with the

enhanced emission region near 225 km. HDwever at 300 km, where the diffusion

coefficients for the excited atomsand the electrons are almost an order of

magnitude larger and the 0(T)) lifetime against quenching is substantially

longer, the enhanced emission layer may be spread in altitude, even if the

exciting electrons are produced at a well-defined altitude.

Average lifetimes of the 0( D) atoms have also been determined from the

6300A intensity change data of Figure 4. Here the decay of ionospheric elec-

tron density during the course of the observations resulted in an appreciable

change in the altitude of energy deposition by the 5.3 MHz heating wave (from

260-300 km). Since a given region of the ionosphere was under observation

only once every 18 seconds during the 9 point spatial scan, the inferred

lifetimes exhibit rather large uncertainties, especially those at the lower

end of the 30-90 sec range of the measurements. Accordingly, lifetimes were

determined for each of the 9 points in the spatial scan which gave measurable

intensity changes. The results of the lifetime determinations are plotted

in Figure 8 for each of the eleven 6300A intensity changes produced during the

period between 2030 and 2132 MST. (larger diameter circles indicate more

confidence in the inferred lifetimes as a result of less scatter in the intensity

difference curves.) The altitudes indicated on the figure are the heating wave

reflection heights (where f - f ) determined from ionograms taken at the

indicated times. It will be seen that, at a given time, rather different life-

times are inferred from the different observation points in the spatial scan,

perhaps as a result of spreading of the enhanced emission layer along the

magnetic field lines in these higher altitude (̂  280 km) observations.
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The data bf Figures 7 and 8 may be used to infer an in-sltu quenching

coefficient for Q(\>) atoms by the ambient N2 and 02 molecules. Prom the model

atmosphere given in Table I (corrected to 950°K), at the heating wave reflection

height appropriate to the data of Figure 7, i.e. 225 km, the N2 density is

1.6 x 10̂  cm~̂  and the 02 density 1.5 x 10 cm"
3. Thus, the 13 sec lifetime

-11 3found in Figure 7 implies a quenching coefficient, k = H.4 x 10 cm /see-

As a result of the scatter of the data in Figure 8, a different analysis

procedure was adopted. Using the reflection height data given in the figure

together with the N2 and 02 densities from the model atmosphere of Table I

(corrected to T - 95d°K), a family of curves of 0( D) lifetime as a function
6JQO

of altitude (observation time) was constructed with k as a parameter. These

curves are represented by the solid lines in Figure 8. It will be seen that,

for the more reliable lifetime determinations, a quenching coefficient between

3 and 7 x 10" cm /sec fits most of the data. These values, covering the

260-300 km region are in quite satisfactory agreement with the more accurately

determined value at 225 tan.

Finally, the data points corresponding to the intensity suppression

transient given in Figure 6 have been analyzed following the procedure given

by Blond! et al. [1970]. The solid line is the expected form of the transient

if the 0( D) lifetime is taken to be 10 sec and the dissociative recombination

lifetime 70 sec. The heating wave reflection height for these measurements

was determined from an ionogram to be 235 km. Using the appropriate densities

from the model (corrected to TexQ = 1030°K), one obtains a value k ^ 2 x 10"
11

cnr/sec, In acceptable agreement with the value H» x 10 cm /sec determined

previously, considering the large scatter in the data associated with the

Intensity suppression transients.
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Taken together the 6300A Intensity enhancement data yield a value k =

(4.4 4K̂ ) xvio"11 cnr/sec at 950°K, In agreement with the laboratory value

k (Np) = (5 ± 2) x 10"11 cm3 at 300°K [Clark and Noxon, 1972; Young et al.. 1968],

Further, our result is consistent with the other, less direct in-situ deter-

mination of ofo) quenching by Peterson, and van Zandt [1969]. These authors

expressed their results in terms of an inferred quenching frequency at a

reference height of 120 km. Using the value-k = ̂ .ihxxlO" cm/sec determined

from our best data at 225 km, together^with the molecular>concentrations at

120 km, [N2] - 4.0 x 10
11{cm"3 and [02] - 0.8 x 10

11 cm"3 [U.S. Standard Atmos-

phere Supplements, 1966], we obtain a quenching frequency at 120 km,

v » k ([N2] + [02]) « 21 sec" , in excellent agreement with Peterson and van

iiandt's value of 20 sec" , which they believed accurate only to a factor of two.

Conclusions

The present paper has presented some initial results obtained by the use

of powerful ground-based transmitters to produce controlled changes in the

ionosphere. The technique offers the possibility of studying a wide variety

of phenomena ranging from observations of plasma waves and their interaction

with ionospheric electrons to in-situ determinations of the nature and the

rates of the important ionospheric atomic collision processes.

In the present case the determination of the 0( D) quenching coefficient

to be (4.4 + 1) x 10~ -
1 cm3/sec at * 950°K rests on the assumption that the

enhanced 6300A emission layer is localized to the region where the heating

electromagnetic wave Is strongly absorbed, in agreement, with our present under-

standing of the electron heating mechanism. However, j?f the exciting electrons

are produced at altitudes appreciably above the point at which f = f , the deter-
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mination represents a lower bound on the quenching coefficient. In this case,

the observation of a single decay time for the 6300A intensity variation implies

that the acceleration mechanism results in production of the exciting electrons

over a rather limited altitude range. Future studies in collaboration with

J. C. Hazlett of NOAA will involve trlangulation measurements to obtain more

information on the height distribution of the entranced 6300A intensity region.

The authors are indebted to R. D. Hake for his contributions to the

design and construction of the pliotometer, to J. C. Hazlett of NOAA for his

assistance with the field-site preparation and operation, and to W. Utlaut,

E. J. Violette and J. Carroll of ITS for their cooperation in the operation

of the Platteville transmitter. This research was supported, in part, by the

Advanced Research Projects Agency, Department of Defense, and was monitored

by the U. S. Army Research Office (Durham) under Contract No. DA-31-124-ARO-D-MO.
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t "" • 'Table I Model Atmosphere Composition and Predicted 0(̂ D) Llfetlines

Alt (km)

180

200

220

2%

260

.280

300

320

340

360

[M2](cm-
3)

7*86(9)*

4*15(9)

2.19(9)

1,16(9)

'6,10(8)

3.22(8)

1.70(8)

8.97(7)

4.74(7)

2.50(7)

[02](cmr
3)

9-39(9)

4.55(8)

2.20(9)

1.07(8)

5.17(7)

2,51(7)

1.21C?)

5.89(6)

2.85(6)

1.38(6)

[0](cm~3)

5.38(9)

3.70(9)

2.55(9)

1.75(9)

1.20(9)

8.28(8')

5; 70(8)

3.92(8)

2.70(8)

1.85(8)

ne(cnf
3)

7.74(3)

3.90(4)

1.08(5)

2.00(5)

.2.83(5)

3.34(5)

3.50(5)

3.38(5)

3.09(5)

2.72(5)

t(1D)(sec)

1;4

2.6

4:8

8.8

15.6

26,3

41.0

58.2

74.9

88.2

Read as 7.86 x 109

tlteutral densities are based on TexQ - 1000°K in a Spring/Oflall Model [U.S.

Standard Atmosphere Supplements, 1966]. Electron densities have been calcu-

lated using a Chapman layer [Chamberlain, 1961] with a peak concentration of

3.5 x 105 cm"3 at 300 km and a scale height of 60 km.
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FIGURE CAPTIOUS

Figure 1 Geometry of the Ionospheric Modification Experiment.

Figure 2 Calculated 6300A intensities as a function of electron

temperature. The solid curves refer to an emission altitude

of 300 km and various emitting layer thicknesses (see

text for details).

Figure 3 Simplified diagram of the dual channel scanning photometer

apparatus.

Figure U 6300A intensity enhancements produced by ordinary polarization

waves on 25 September 1970. Hie critical frequency f0F2

decreased below the transmitter frequency at ~ 2132 MDT.

Figure 5 6300 intensity enhancements as a function of heating transmitter

power on 30 October 1970.

Figure 6 6300 intensity suppression transients produced by extraordinary

polarization waves on 30 September 1970. The data from four

transmitter on-off cycles have been coherently summed to

obtain the points shown in the figure.

Figure 7 Determination of the time constant for O(̂ -D) atom decay from

the intensity enhancement data of Figure 5- The 6300A emission

height is 225 km (see text for details).

Figure 8 Decay time constants as a function of altitude deduced from

the data of 25 September 1970. The larger circles indicate

more accurate determinations.
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