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Section 1 

INTRODUCTION 

An understandinr1; of the chemistry of metala deposited in the mcsosphere by 

nuclear blar.ts is essential to our country'r defence, A significant step in 

this direction would be to establish an understandin/' of the chemistry of the 

naturally occurring metals in the E-reglon, The metals of primary interest are 

Li, Fe, and Al. The chemistry of the naturally occurring metals is poorly 

understood at present. A wide range of new experiments that could elucidate 

the chemistry of the alkali metals (Li, Na, K and Ca and W.    '   •  which have 

alkali metal electronic structure) are discussed in this paper. 

This paper is structured as follows. There are five section;; including 

the Introduction. A brief review of the problem of alkali Mtalfl in the upper 

atmosphere is given in Section 2.    The E-region metal ion prubi<'m and its rela- 

tion to the alkali metal problem is discussed in Section ^. A number of valu- 

able new experiments aimed towards elucidating the E-region metal problem 

(alkali metals and metal ions) are described in Section k.    The ''xperiments are 

summarily listed and classified as to technological and economic feasibility in 

Section 5» 



Section 2 

THE ALKALI PROBLEM 

The alkali metal problem with special emphasis on Na is thoroughly 

reviewed by Hunten, I967.  It is also discussed more briefly in several 

recent reviews  (Rundle, 1971; Llewellyn and Evans, 1971; Hunten, I97I). 

This section contains a further review with emphasis on the most recent 

experimental developments. 

2.1 Alkali Metal Observations 

Rundle (1971^ lists five significant features of the Na column density 

variations. N't all of these variations have been confirmed for the other alkalis. 

Confirmation;; will be noted. The variations are as follows. 

2.1.1 Th»re la a seasonal variation exhibiting maximum column densities 

(or abundance) in the winter. The amplitude of this variation increaseö 

with higher latitudes. This variation is present for Li. 

There is  also a seasonal variation in the differences between the alti- 

tudes of consecutl\e morning and evening twilight layers. This effect has 

also been observed for LI (Sullivan, 1970). 

i:.1.2 There are temporal variations with periods of about a month during 

Hinter and at high latitudes. These have been associated with strato- 

sph.-'ric warmings (HuuLen and Godson, 1967). 

2.4.3 Diurnal Variations with the Na abundance 2 to *+ times greater at 

local noon than at either morning or evening twlligiit have been reported. 

No detectable differences between morning and evening twilight abundances 

have been observed. Laser studies (Sandford and Gibson, 1970) have shown 

that Na abundances remain essentially constant during the night. The 

diurnal variation bar not been conclusively demonstrated for K (Albano 

et al. , li'fO). 

2.1.1* 'fhe layer always peaks in the 90-95 km region. This is true for 

all the alkali.;.  Nighttime laser studies essentially confirm this for Na 

while uncovering MMe new and stimulating aspects of the proble.n. 

# 



2.1.5 Small topside scale heights of 2-k  km are rf-corded in all measure- 

ments. Bottomside scale heights ar ? also quitf ytcep and the layer peaks 

somewhat higher than one might expect from the simple chemical theory 

described in Section 2.2.1. 

2.1.6 The credibility of the noon increase in the daytime Na abundance 

has recently come into question (Albano et al.1970; Llewellyn and Evans, 1971) 

The diurnal variation of the Na abundance has primarily been observed by 

daytime Zeeman photometry. Standard techniques in daytime Zeeman photometry 

are vulnerable to contamination via the Ring Effect. This effect has been 

reported and discussed in the literature (Grainger and Ring, 1962; Hunten, 

1970). Here it suffices to say that if one uses 

standard techniques of daytime Zeeman photometry one is not able to quanti- 

tively say how much of the observed noon increase in Na abundance is real 

and how much is an artifact of the Ring Effect. Albano et al. state that 

it is possible in principle to operate Zeeman photometers in the daytime 

in such a way that the results are free of Ring Effect contamination. At 

present they are developing such a technique. They are also investigating 

the extent of the contamination of results that have been obtained using 

standard techniques. 

2.2   Models of the Na Layer 

Rocket experiments detecting the steep topside scale heights of 

the Na layer led investigators to abandon the purely chemical theory of 

its production and maintenance. Recent observations of  the nighttime 

layer via laser radar will also force investigators to seriously reconsider 

the current models of the Na layer. This is due to the observed persis- 

tence of the steep topside scale height throughout the night. 

2.2.1 Since the modern models still must deal with chemistry a brief review 

of the purely chemical model is given below. 

Four reactants are involved in the simplest of these models. They are 

NaO, Na, 0, and 0,. Production of Na occurs via 



l)    NaO + 0 - Na + 0 j 

'o 
c 

e2)    Na + 03 - NaO + 02 

Equating Iocs to production gives the ratio of Na to NaO su 

©3)    (Na)     ^  (0)        (0) 

(Nio)  = sj" röp- = T (ö^) 

According to this model a transition region exists where (o)/(0,) = 

1/7. Slightly below this region all the sodium is in the form NaO and slightly 

above it is all Na. 

This model predicts a topside scale height for Na that is equal to 

that of the ambient atmosphere. Observed scale heights are 2-4 km compared 

with atmospheric scale heights of 6 km forcing one to more complicated models. 

2.2.2 Donahue's (1967) model invokes a V x B wind shear concentrated layer 

of negatively charged dust particles as the source of Na atoms. The dust layer 

is very narrow, less than 1 km thick. This narrow source of Na atoms naturally 

explains the steep top and bottom scale heights of the Na layer via the 

diffusive flow of Na to adequate removal mechanisms located both below and 

above the source. The lower removal mechanism is provided by reaction e2). 

The lack of an obvious removal mechanism above the source is a weak point 

of this model. Note that if the source o£' Na is assumed to be a V x B wind shear 

concentration of negatively charged dust particles then it is impossible 

to remove the Na above the source by ionization to Na followed by a wind 

induced V x B force that sweeps the positive ions down to a molecular sink 

below the source as is postulated in Gadsden'c model (see Section 2.2.4 

below). 

2.2.3 Hunten (1967) invokes a dust bank model with the dust settling out so 

that it has a much steeper scale height (above - 90 km) than that of the 

atmosphere. The dust acts as a source and sink of free Na. During the 

day the aun "bolls" free Na off the dust and at night the Na condenaot; 



^ 

on the dust partlcle.-i. This mod'l predict:: challow topside scale heights 

during the nighttime and hence must be rejected.  The dust bank hypothesis 

may however si rve aü a springboard for now attempts at model building (Rundle, 1971), 

2.2.k    Gadsden invokes a narrow source of atomic Na followed by upwards 

diffusion (explaining the steep scale height) followed by ionizatiun to Nu 

followed by a wind induced V x B force that sweeps the ions down tu a 

molecular sink somewhere below 90 km. Hanson and Donaldson (1967) use 
+ 

essentially the same model except they do not sweep their Na ions to a 

molecular sink but instead rejuvenate them as free Na that may diffus» 

upwards again via the reaction 

,, x  Na+ + 0, - NaO+ + 0_ 
e^) i 2 

NaO + e - Na + 0 

Both of these models, as stated, are in trouble at night when the 

supposed source of ionization 

e5)  hv + Na -, Na 

is shut off. 

2.5   Research Priorities Established at the Aurora and Airglow 1970 Conference 

It was suggested that more and better observations are necessary.  Some 

experiments currently in progress and working towards this end are briefly dis- 

cussed in Section 4-.li Llewellyn and Evans (l97l) pointed out that a proper 

evaluation of the Ring Effect may lead to significant modification in the results 

of Zcernan photometry concerning the diurnal variation.  Albanu, ct al. arc 

currently working on this.  Rundle suggested that we could do a better Job in our 

theoretical modeling. 

B. McCormac (l970) pointed out that a measurement of the total Na inven- 

tory (or that of any E-region metal) would be very valuable.  Some means of 

achieving this end are examined in Section U.2. 



V 
Seotion 3 

E-Rf€ION METAL ION LAYEKS 

THEIR Ri'LATION TO THE ALKALI METALS 

3.1 Metal Ion Observations 

Narclsl (19^8) and Young and HoImGs (196?) have 

reported interesting results concerning metal ions in the E-region. Typically 

they find a narrow layer of metal ions peaking at 90-95 km Just as the neutral 

alkali metals do. The layer is similar in structure to that of the alkali 

layers. The composition of the metal ion layers strongly suggests a meteor 

origin.  (Ree Table I, Column F.) The abundance of all the metal ions under 

quiet conditions is roughly equal to that of the neutral Na layer. The ratio 

(Na )/(Na) ~ l/lO (with much uncertainty). Neutral metal atoms certainly 

accompany the metal ion layer. Some of the metal monoxides and dioxides may 

also be present. 

3.2 The Relation tottie Alkali Metal Problem 

In view of this data it is likely that a successful model of the Na 

layer might as a by product explain the metal ion problem and vice versa. 

Narcisi (196Ö) has made a beginning in this direction. The strongest link 

between the two problems is the question of the origin of metals in the 

upper atmosphere. The common link in the chemistry is their subsequent 

removal.  Standard Na layering models, described in Section 2.2 above, 

typically invoke some kind of aerosol source. The end produds of metal 

removal are usually assumed to be molecular compounds. Metal oxides, 

hydrides, hydroxides, nitrates, carbonyls and carbonates are some of the 

candidates for these compounds. In order to precisely determine the relative 

abundances of metals in the source aerosol one must as a first step measure 

the total inventory of several metallic species, that is, the sum of the 

neutral atoms, the ions and the molecular compounds of a given metal for 

several different metal species. The measurement of the altitude profiles 

of the concentrations of the various chemical formt; of a given metal would 

provide information directly related to that metal's chemistry. 
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3.i Gaduden'q Antarctic Twilight Soarch for Trace Metal Constituents 

A beginning in this direction of research w^s made by Gadsden (1969). He 

attempted to use the ionf; Antarctic twilight (April-September 1966) to observe 

the emission lines of any metals that might be present. He searched for Al, Cu, 

Cr, Sr, K, Li, and Na. Na was the only specie that wan detected. Upper limits 

were set on the column densities (or abundances) of all others. The results of 

the experiment ara summarized in Table I. 

3.U The Significance of Table I 

Table I presents a concise summary of our present observational knowledge 

of the alkali metal layers and of the E-region metal ion layer. It presents a 

comprehensive summarization of the feasibility of some current optical experi- 

ments that one may perform in order to detect upper atmospheric metals. Two 

kinds of optical experiments are considered, twilight photometry and laser 

radar. Relative abundances of metals in meteors, in sea water, and in the upper 

atmosphere are all listed together so that one may conveniently examine them and 

make quantitative comparisons. Such comparisons are useful in determining 

whether the primary origin of the atmospheric metals is meteoric or sea water or 

some combination of the two. 

Table I is large and complex. This paragraph contains a detailed column- 

by-column description of its contents. The oscillator strengths in the third 

column are copied for the most part from Gadsden's (1969) paper. A value of 

f = 10  wan assumed for A10. Next this was corrected for the Franck-Condon 
• 

factor.; for the A-X (O-O) band at U8UUA. It was also corrected for the subse- 

quent dilution of the laser beam intensity on spreading it across a. !lA region 

including the bandhead and finally for the rotational population residing in 

this much of the branch. The other important metal monoxides FeO, MgO, SiO, 

riaO and LiO are believed to have no visible spectrum connected to the ground 

state. They are discussed more completely in Section U.5 below. The relative 

abundances of the metals in sea water and meteors normalized to Na and Fe 

rospectivoly are given in the fourth and fifth columns. The quantity g, listed 

in the sixth column is the number of visible photons scattered per second per 

molecule by a sunlit molecule, ion or atom. It is calculated for A10 for a LA 

rPi'ion containin;1; the A-X (0-0) bandhead. The column headed "Typical Measure- 

ments' presents column densities of the species that have been observed either 



by optical or ion mass cpectromt'tri'   nv'Hu   .     I<i   mit,     iiprt'iriwiHr ■PMuroasnta 

are in parentheses, the smaller martwn thai     t      ;lv»«  n H •   ••   quint eondllloiui 

and the larger to enhancement;;.    Only N'i 'KI.. I. ■• I   MM I     I   I IMIII   . |.I I •■«lly in 

the form of neutral Na and ion ma:;;; ■yctrott Pi    tJI>   li   LIM   r< m of Ni   .    t't 

has been measured both optically and ton mi..      p.    • •   p    " i       M ,      The   ipp-r 

limit on the column densities of th<' varioui: .jx-. !.•     .    fuuii'l iv (iMdnden  (l fit) 

in his Antarctic twilight experiment ur«- j)r<';;'tii.- I   i .  i in     . i imtn  titled   'Upper 

Limits'.    The column headed  'Minimum DetfctaMf  vl i Twiilrht, PhotoMetiy1   riv<:. 

the lowjir limit on the column density of a civ'-n   .i»' I«;, ihnt on.- mi^nt expect 

to observe in an idealized experiment where un<' i.. Uo.'-.umcd In ti«- abln to detect 

a minimum twilight intensity of 5 R-   Th»- lower Mmii. on the eolian draeity 

thus detected is given by: 

N = 5 x 10 Vr 

From the column headed 'Typical Measurements1 one sees that in periods of 

enhanced activity one can expect column densities of Al of about U  x 10 cm ' . 

This is concentrated in a layer of half width ^J B km centered at « 95 km. One 

might expect this to provide a lower boundary on the concentration of aluminim 

in the forms Al , Al, AlO, or AKL. (One might also expect the altitudr profile 

of the sum of these components to be that of the ambient atmosphere.) It is clear 

that there should be detectable amounts of either Al or AlO or both present if 

not tco large a fraction of the aluminum is in the form AlO . The minimum detectable 

column density tt a given specie usin^ current laser 
8 2 

technology (Miranda, P. C.) capable of detecting a minimum of 10 Na atoms/cm^ 

is given in the column headed 'Minimum Detectable by Laser'. Order of magnitude 

improvements in the capability of laser radar can be expected in th future. 



V 
Section h 

THE Kxi'taiMBfrr. 

U. i    'jjv  t^xperiim-ntu Currt-ntl^ in (Iteration 

U.i.l  Carr-nt Lauer Experiments. Uundford and Gibson (I'-flC)  have reported 

the results of a laser radar study of the twilight and nignttime Na layers. 

The abuna*n<:f is found to remain essentially constant ♦hroughout the night. 

They confirm that the seasonal variation and the existence of a steep top and 

bottom side scale height are present in the nighttime layer.  Preliminary 

laser radar results obtained by Miranda (ll/7l) are in essential agreement 

with those uf Sandford et al. In addition they report numerous sightings 

of layers with secondary maxima. They notice with öjl rorrelatlon, a 

tendency for the Na abundance to increase by some 'i/f In a short time 

period (^0 min) after the evening twilight layer Is no longer sunlit. 

Handford et al. (I'TTO) attribute the double maxima to patches of Na 

at slightly differ«-nt altitudes moving rapidly by in a horizontal direction. 

b.  McCormac (l ^l) hua suggested that this effect could be due to erratic 

vertical movements of the layer in a time period sh^rt compared to the 

intogra'ion time of the electronics employed with the laser.  Erratic 

vertical movements of sporadic E have been observed. The two hypotheses 

arc not essentially contradictory. 

It Is hoped that by concurrently operating two lasers viewing 

different parts of tne sky the moving patch hypothesis can be tested. With 

more powerful lasers it will be possible to verify the daytime diurnal 

variation. This check would be intrinsically free of Ring Effect contami- 

nation of coarse. One should also be able to use more powerful tuned dye 

lasers to look for a hos'- of other trace constituents in the earth's 

atmosphere. These are listed in Table I described in Section 5.h. 

h.i.2      Donahue and Guenther currently have a satellite mounted filter 

photometer that locks horizontally at the Na layer. This kind of experiment 

should be able to measure the dayglow free from Ring Effect contamination. 

It can also r;cord the world wide effects of disturbances such as large 

solar flares, sudden enhancements, nuclear blasts, etc. Currently the 

10 



•-■x|>cTiment is mildly degraded by the Rayieigh 3cu»-terod signal tzcltinz  through 

the «?7A bandpass filter. This broadband fllWf iü employed because of the 

severe temperature extremes that the satellite encounters. Guenther (PC) 

states that this could be improved by installing <.n-board temperature control 

systems. The instrumental sensitivity is comparable to current EMMB photo- 

metry in spite of the use of the broad band filter. They have also observed 

altitude profiles of the nighttime chemiluminescence of the Na layer. 

These observations are quite interesting. They represent ■ measure- 
ment of the altitude dependence of some chemical form of excitation of Na. 

Srivastava and Shukla (1970) have suggested that the Chapman mechanism is 

mainly responsible for the Na nightglow emission. Briefly, this mechanism is 

e6) NaO + 0 - Na + CL, rate constant = U x 10* 

followed by 
« 

e?) Na - Na + hv 

NaO is regenerated via 

e8) Na + 0, - NaO + 0 , rate constant =6.5 x 10*1 

e9) Na + 0 + M - NaO + M, rate constant = 7 x 10 ^ 

elO) Na + 0o + M - NaO + M, rate constant = L' x 10*" 
-12 

ell) NaO + 0 - NaO + 0o, rate constant = 9.3 x 10 
'2      2 

02' 

Using their rate constants, typical Na nightglow emission rates of 

100 R and (o) — U x 10  cm  above 70 km one finds upper limits for the 

column densities of NaO and Na0p above km of 

N (NaO) s 6 x IvJ/cnf 

Nc(Na02) * 2k x  107/cmc, 

As compared with typical Na column densities above this height of 

N (Na) - 5 x ICT/cm 

The conclusion is that an insignificant portion of the Na inventory i 

is in the form of NaO or Na0? above 70 km. It is possible that Na0? is 

unstable. This further supports the statement above regarding the Na 

inventory. 
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Obviously simultaneous nighttime measurements of the altitude profiles 

of the Ife chemiluminescence by satellite photometry and of the Na number 

density by laser radar would provide data extremely pertinent to the chemistry 

of Na. 

k.2 Future Experiments 

U.2.1  Established Experimental Techniques 

U.2.1J The established techniques include twilight photometry, daytime 

Zeeman photometry and rocket mounted photometers, 

U.2.1.2 Twilight photometry should continue to be a useful tool for 

documenting the seasonal variation of the alkali metal abundances in 

various parts of the world. Layer structure can be determined to some 

extent using this technique. By comparing the data in the last four columns 

of Table I one should note that twilight photometry has not been pushed to 

its full potential for detecting the trace metals in the E-region. 

4.2.1.3 The search for AIO via twilight photometry is also a prospect for 

this technique. Essentially it is just as feasible to search for AIO via 

the methods of twilight photometry as it is to search for Al (see Table l). 

The discovery of naturally occurring AIO in the upper atmosphere would con- 

stitute the firiit direct observation of any of the metal compounds that are 

supposed to provide the sink for metal species in the upper atmosphere. 

Even a negative result would be valuable. The inferred lower limit on the 

AIO abundance would provide a boundary condition for theories of the 

chemistry and dynamics, of naturally occurring aluminum in the upper atmos- 

phere. This experiment could be done immediately using standard techniques 

of twilight photometry that have been developed. 

h.2,l.h   The future of Zeeman photometry depends on how well the Ring Effect 

contamination can be dealt with. Albano et al. are currently working on 

this problem. Zeeman photometry will provide an effective tool for 

documenting the seasonal and diurnal variation of alkali metal abundances 

provided that the Ring Effect can be dealt with or that it is found to be 

of negligible importance.  It is hoped that Zeeman photometer data taken 

in the past can be reinterpreted to account for the Ring Effect If this is 

found to be necessary. 
12 



b.2.1.5   Rocket mounted photometric observations of the Na layer s^vO.d 

be entirely supplanted by Improved laser radar that will obtain the same 

kind of data (related to layer structure) more often and more cheaply. 

(See Section U.2.2 below.) 

4.2.2 The Future of Laser Radar 

4.2.2.1 Sandford et al. have convincingly demonstrated the value of the 

laser as an investigatory tool. Their laser investigation, though limited 

temporally and geographically, has provided more reliable data on the 

nighttime morphology and abundances, previously unknown, than exists to 

date on the daytime which has been studied for many years. 

4.2.2.2 The development of Improved laser radar is Justified on the basis 

of what It should be able to do in obtaining daytime inforraatioi. concerning 

Na abundance and altitude profiles. A laser, operating all day, day after 

day, Is equivalent to several rocket flights each day and capable of 

vastly increasing our knowledge of the morphology of the daytime layer. 

4.2.2.3 The potential of laser radar for the investigation of Na has 

been established above. One may get some idea of the relative potential 

for the study of other species by laser radar vs. twilight studies by comparing the 

data in Table I regarding the upper limits on the column densities one may detect 

via the two techniques. It is clear that the lasers must be improved by at least 

two orders of magnitude in order to make laser radar a decisively better tool 

than twilight photometry. For the case of Li make it three orders of magnitude. 

4.2.3 The Future of Satellite Technology 

4.2.3.1 Satellite mounted photometers in polar and equatorial orbits 

should be able to obtain all the data that one could possibly hope to have 

regarding the sunlit Na layer. The altitude profile of the nighttime Na 

chemlluminescence can also be measured by satellite photometry. The 

Importance of simultaneous nighttime measurements of the altitude profiles 

of the Na chemlluminescence by satellites and the Na number density by 

lasers has been established in Section 4.1.2 above. Simultaneous measure- 

ments of the wind patterns and the metal ion layer would further enhance 

the experiment's value. 

13 
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It may be possible that the sensitivity of the satellite mounted 

photometeifi can be developed to the point where the much fainter emissions 

of K and Li could be detected also.  (Typically the ratio of the intensities 

of the light scattered in the upper atmosphere by Na, K, and Li is 300:6:5). 

It is not inconceivable that unmanned satellite instrumentation could be 

pushed to the point where some of the heretofore optically unobserved 

metal species listed in Table I might actually be detected. 

U.2.3.2 The manned satellites forecast for this decade present a truly 

exciting prospect for research of all kinds. Sensitive ground based 

optical systems that have been developed over the years may now be operated 

from satellite platforms. Ultrasensitive IR and UV detectors as well as 

visible detectors may be employed. 

A ground-based photometer capable of observing 5R in the twilight 

glow should be able to observe zenith-corrected intensities of at least 

.5R and perhaps as '/eak as .05R when scanning the horizon from a satellite 

platform. Two effects make this possible. The photometer will he able 

to view a much larger number of emitters by viewing the horizon. The 

integration time will be much longer. Hence for such a manned satellite 

mounted photometer the lower limits on the detectable abuudancsc of various 

metal species as listed in the column headed 'Minimum Detectable via Twilight 

Photometry' in Table I may be reduced by a factor of at least 10 and possibly 100. 

Technologically speaking the EImultaneous operation of the most 

sensitive detectors available in the visible, IR and UV offers the most 

powerful way to try to measure the total Inventory of several of the metal 

species in the E-region. This then should provide the data necessary to 

uniquely specify the source of metals in the upper atmosphere and also 

the chemistry and dynamics of their removal.(See Section 3.2 above.) 

The deployment of such equipment on manned satellites is, of course, 

a question of economic priorities. One should note, however, that the 

atmospheric metal problem is only one of many problems that could be resolved 

by the rich data tnat such instrumentation could obtain. 
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A study aimed at precisely specifying the lowest detectable limit 

of the colcinn densities of the various metal atoms, ions, and compounds 

that one might expect to observe with the most sensitive available 

detectors in the visible, IR and UV operating from a manned satellite 

would certainly be a worthwhile project. 

An Intrinsically valuable laboratory program aimed at a detailed document- 

ation of the visible, IR and UV spectra of these species would naturally 

complement this study. The expense involved in the first of these projects 

would be virtually negligible. 

4.2A Rocket Mounted Detectors of all Kinds 

^,2.^.1 Sensitive IR detectors scanning in the ^ M- to ho y.  range, mounted 

on rockets and looking in the horizontal direction may be able to detect 

some of the metal compounds. This requires laboratory studies of the 

vibratior. rotation spectra of the metal compounds suspected of being in 

the uiper atmosphere. This experiment would be intrinsically valuable 

for detecting all atmospheric molecular trace constituents since the 

principal atmospheric constituents TL, 0p and A do not radiate in this 

part of the spectrum. The altitude profile of HND,, possibly important 

to mesospherlc metal chemistry, could certainly be measured this way as 

could the altitude profiles of NO and NO. One could infer the eddy 

diffusion coefficient as a function of altitude from the water vapor 

mixing ratio that one could measure up to 90 km with a sensitive enough 

rocket mounted IR detector. One could also measure the topside ozone 

profile.  Simultaneous measurements of the topside ozone and water vapor profiles 

would help to clarify the role of hydrogen reactants in the removal -f ozone. 

k.2,k,2   A feasibility study of rocket mounted filter or resonance cell 

photometers that could be used to search for E-region metals and metal 

ions would be worthwhile. This could include the UV shielded resormnce 
+     + 

emissions of Pe and Mg . This technique may be Just as effective as ion 

mass spectrometry in measuring the altitude profile of the metal ion 

layers. 
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Table II 

Ozone Shielded UV Metal and Metal Ion Spectra 

f Trans 

1.81 XS - lP 

.22 lS - lf 

.627 2S -2P 

.313 2S -2P 

i.eh 3P-3lP 

.55 3P-3lf 

a5D - if 
4 3 

a5D - /if 
4 4 

Element X 

Mg 2852.13 

Mg 2025.82 

Mg+ 2795-53 

Mg+ 2802.7 

Si 2518.3 

Si 221U.7 

Fe 3M*0.6l 

3020.6 

2983.57 

2966.90 

Fe
+ 2585-2621 

2366-21+13 

2327-2380 

SiO 23^5. 

a5D - iPD 
4 3 

aBD - JPF 
4 s 

a6D - z6D 

a6D - z6P 

a6D - z6P 

(O-O) 
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k.2.h.3    None of "the ozone shielded UV emissions of any of the metals present 

in the E region (see Table II) have been detected by UV spectrometry. Pearce 

(l97l) reports some observations of the earth's UV dayglow. The UV spectrom- 

eters that have been used, however, have sacrificed sensitivity in order to scan 

a very broad spectral range. UV spectrometers could certainly be designed and 

programmed to look for specific metal and metal ion emissions. A feasibility 

study aimed at prescribing the lowest detectable limits on the column densities 

of the species that one might hope to detect by using such UV spectrometers 

mounted on rockets would be worthwhile. 

k.2.3       The Metal Monoxides 

A direct measurement of any metal monoxide in the mesosphere would be 

quite valuable. The role of NaO in the old chemical theory of the Na layer is a 

primary reason for this. Metal monoxides that radiate in the atmospheric IR 

window near 11.SU (A10, FeO, and LiO) are also interesting. 

No visible spectra of the alkali monoxides have been reported. 

Nicholls (1967) has searched unsuccessfully for such spectra in shock tube 

experiments. FeO, MgO and SiO might be expected to occur rather abundantly in 
+   +     + 

the upper atmosphere since Fe , Mg and Si are the major E region metallic ions 

(see Table I, column F). The spectrum of SiO lies in the ozone shielded UV 

region. It is very similar to that of NO. Its observation has not been reported 

in the UV literature (Pearce, 1971). tfgO exhibits a rich visible spectrum in 

singlet transitions. The ground state of MgO may be triplet however and as is the 

case for NaO, no spectrum of triplet MgO transitions has been reported. 

Nicholls suggests that the triplet ground state may be several thousand cm" 

lower than the singlet metastable ground state thus implying that virtually all 

MgO in the relatively cool upper atmosphere is in the invisible triplet ground 

state. The case for FeO is similar to that of MgO. It has a rich visible 

spectrum which is believed to be that of a metastable version of the molecule. 

Furthemore, the visible spectrum of FeO is less well known than that of some of 

the other metal oxides. 

A sensitive rocket mounted horizontally scanning IR detector seems 

the best prospect for detecting upper atmospheric existence of 
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these species. This is especially true for FeO which radiates near 11.5n, 

HNO, is the only obvious atmospheric specie that would produce a background 

in this wavelength region. 

A10 does have a ground state connected visible spectrum. One sees from the 

columns titled 'Typical Measurements' and 'Minimum Detectable via Twilight Pho- 

tomet'ry' in Table I that a 5R twilight intensity in the A-X (0-0) bandhead 

could be produced by a column density of A10 that is aomparable to column den- 

sities of Al that have already been detected ion mass spectrometrically. 

With the projected advent of dye lasers three orders of magnitude 

better than current ones and tuned to the resonance lines and bands of 

Al and A10 one could perform an experiment in conjunction with rocket 

mounted ion mass spectrometers that would allow one to simultaneously 

measure altitude profiles of Al, A10 and Al . Since at 90 km A102 is 

assumed to be the only other aluminum containing reactant this experiment 

should be a large step towards allowing one to uniquely solve the problem 

of the chemical dynamics of aluminum in the upper atmosphere. One should 

be cautious however in view of the fact that no production of A10 has been 

observed in either TMA releases or grenade explosions below 90 km. Further- 

more, the relatively small dissociation energies of the metal monoxides 

argues against any of them comprising a major portion of their respective 

metal inventories.  The fact thatNaO above 70 km is a minor portion of the 

Na inventory (Section h.1.2  above) supports this argument. 

h.2,6   Wind Patterns 

Wind Induced V x B forces play a major role in many of the Na 

layer models (Section 2.2). It would be useful to perform simultaneous 

measurements of wind patterns and of the Na layer in order to assess the 

actual role of these forces in the formation and maintenance of the Na 

layer. 

4.2.7 IR Tracked Chemical Releases 

Releases of Na vapor have been made in order to elucidate the Na 

chemistry. Not much was learned regarding the Na chemistry due partly 

to difficulties in the interpretation that weit caused by the extreme 

optical thickness and complicated geometry of the vapor trails. These 

experiments could be repeated with lithium for example and with the vapor 
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clouds observed in the IR as well as in the visibl< . The IR data would 

be directly related to the chemlstiy .since it could cone» ivalily r< cord 

the formation of LiO and LiO as a function of tifm , Th' Mo and LiO 

clouds should be optically thin and at th< worst only mod»rat<ly optically 

thick in the IR region. The fuudamf-ntaln of LiO and LiO hav< bera m»asur»d 

and reported in the literature (Andrew;;, 1
(
/J'J;  Wfrito et al., ]'/.>Jj),    Heloaao 

experimonta of thir; type would fit quite naturally into Lockbeed'a pr-'aent 

program. 

4.2.8 The Role of Ion Clusters in Metal Chemistry 

Keller and Beyer (1971) have recently established the importanc 

of an ion clustering mechanism for the conversion of Na to Na. The 

process is 

el2) Na+ + X + M - Na+ • X + M 

followed by 

el3) Na+' X + e -> Na + X 

vfcere M is any third body and X may be COp, 0^, or N . 

The role of ion clusters in the conversion of metals into metal 

compounds should be investigated. This line of research has successfully 

identified some important processes for the converions of Na to Na. 

J. E. Evans suggests that NaHCC. or NaNO^ may form in the water cluster ion^ 

below 85 km for example. The observation of mescsphttrir- HNO' (Kurcniy, 1969) 

lends some credence to this hypothesis. 
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V 
5.     CONCLUSIONS 

The many oxporimcnti; uui^'t'stod in this articie have runted from simple 

twilight piotometry to thf extravagant concept of batteries of the finest 

optical ^'i'üpment available ?cannin^ the Earth':: horizon in all portions of 

the spectrum from manned satellites. And although experiments of the latter 

variety may never be implemented, studies aimed at assessing their full capa- 

bilities would be extremely interesting and would cost virtually nothing. 

Ideally this study should assess the impact of such an experiment on all phases 

of earth-space physics. 

All of the experiments discussed in this paper are valuable in that 

they will obtain data pertiivnt to the E-rerion metal problem. The experiments 

are listed below in three class«-;-.. Fxperimentr. that could be immediately 

implemented and that are feasible in both a technological and economic sense 

constitute the first class. Experiments that are technologically sound but 

rather expensive make up the second class. Inexpensive studies to assess their 

capabilities could be conducted. Experiments that need further study to 

determine whether they are technologically sound make up the third class. 

The first class include.;:  l) The attempt to detect various metal 

.;pecies and especially A10 using standard twili/rht photometry; even negative 

results from this experiment would be valuable. 2) The documentation of both 

the night glow and the sunlit Na layer by simple filter photometers mounted in 

standard unmanned satellites in orbits of various inclinations, i) The world 

wide deployment of slightly improved laser radars capable of night and day time 

observations o** the Na layer. '») A statistically significant number of simul- 

taneous ni.'ht tlmo measurements of the Na chemiluminescence altitude profile 

and the f|a concentration as a function of altitude by satellite photometry and 

l-i..er radar. This would represent the optimum utilization of these technolo- 

gies in obtaining data pertinent to the Na chemistry in the upper atmosphere. 

The simultaneous measurement of wind patterns, in conjunction with measurements 

of the Na layer are also desirable. 5) Theoretical and laboratory studies of 

the formation of metal compounds in an E-icgion environment with special 

emphasis placed on the role oi  ion clusters. 6) Chemical releases of the most 

interesting metals tracked in both the visible and IR. And finally 7) labora- 

tory iU>cumentation of the complete spectrum of all the metal compounds that 

are suspected to be in the upper atmosphere. 
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The Li problem merita special ati»nti«<u,  I,i . nii;;si«n:; .'trt rt-Jutivtly 

weak and have been d tected Lu date cxi'lusively by t-wilifiht photOMtvy.  Order 

of TOignitude improvements in the methods of UMer rail.ir, ZeMMD plioturnttry and 

photometry from unmanned satellites are necessary in order to reader theae 

feasible for the obsei*vation of the naturally occurring, Li.  Un UM othi r hand 

data obtained by twilight photometry shows that the seasonal variation in column 

densities and in the altitudes of the evening-morning twilight layer are vir- 

tually identical for the two alkalis Li and Ma,  Hence it is possible that all 

the data that one coiild obtain on Na via the experiments described in this pape' 

would apply directly to the Li problem,  Li releases could also be used to 

obtain information regarding chemistry.  Very large twilight releases tracked 

in the visible» the IR, by conventional radar and by laser radar could be made, 

Lrser rad. would allow one to monitor the Li inventory during twilight and 

into the night.  Chemiluminescence providing direct information on Li chemistry 

could be observed simultaneously. The chemical removal rate of Li as a function 

of altitude could be obtained by releasing the Li clouds at various altitudes 

and recording the decay times corrected for the effect of ionization.  Release 

obtained data concerning the chemistry of Li, Cs and Ba have been reported 

(Gault and Rundle, 1^66; Pressman et al,, 1'*J0; Koppl et al,, VjGf). 

There is just one experiment in the second class. Thin involves a 

manned satellite employing scientific equipment of all kinds. Technologically 

the equipment should be comparable to or better tlian the best current earth 

bound laboratory equipmen*  The general scientific potential of such an 

experiment is virtually unlimited. 

Experiments in the third class are:  l) The search for trace metal 

constituents by improved ground based laser radar (see Table I) or by lasers 

operated in the horizontal direction aid carried right up to the metal layer 

on rockets. Such rocket mounted lasers could conceivably operate in the ozone 

shielded region of the spectrum. ?)  Sensitive rocket mounted IR detectors 

looking in the horizontal direction, 5) Rocket mounted filter or resonance 

cell photometers looking in a horizontal direction for emissions from '.he 

various metal species. And finally h)  IIV spectrometers proRrammcd specifically 

to look for the ozone shielded emissions of various E-region metals and metal 

ions. 
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