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Research under this contract was conducted initially at Yale
University ard subrequently at The University of Michigan and Utah State
University. Scientists who have at one time or another contributed to
this research include J. C. G. Walker, R. W. Schunk, I, G. Torr, M. R. Torr,
J. P. St. Maurice, P. G. Richards, T. P. Dachev, as well as graduate
students and post-doctoral scholars. Over the years the members of this
theoretical team have participated fully in meetings of the AE Aeronomy
Team, presenting results at AE Team Meetings, as well as at numerous
national and international scientific meetings.

Research under this contract has been principally devoted to the
elucidation of chemical processes in the thermosphere and ionosphere using
AE data. These data have been analyzed and interpreted in such a way as to
verify and correct laboratory measured rate coefficients, obtain values for
rate coefficients not measured in the laboratory, and to reveal and correct
inadequacies in existing models of thermospheric chemistry. This activity
has stimulated new work in the laboratory measurement of rate coefficients
by revealing errors in existing measurements and by suggesting new measurements
that need to be made. Our present understanding of the cﬁemistry of the
ionospnere and thermosphere is based largely on the chemical schemes and rate
coefficients deduced from AE data. With a few exceptions we can now claim
to understand the chemistry of the thermosphere and ilonosphere as precisely
as permitted by the measurement errors of the AE instruments. These achievements
in the area of thermospheric and ionospheric chemistry are summarized in the

three review papers attached to this report.
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Theoretical research under this contract has dealt also with
dynamical and optical processes in the thermosphere, auroral processes,
and energy input. A list of publications resulting from research supported
by this contract is attached.

The AE program set new standards for quantitative research in
physical and chemical processes in the thermosphere and ionosphere and led
to important organizational innovations in the methods of studying the upper
atmosphere. The success of the chemical and energy balance aspects of the
program made possible the present focus on dynamical and electrodynamic
interactions in the thermosphere and ionosphere. The Dynamics Explorer
program is a logical successor to AE, which is currently building on the

very substantial achievements of the Atmosphere Explorer program.
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“An auroral F-region study using in situ measurcments by the Atmosphere
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Res., 81, 5578, 1976.

“Determination of the 0+(2P) jonization frequency using satellite airglow and
neutral composition data and its implications on the EUV solar flux”, D. W.
Rusch, D. G. Torr, P. B. Hays and M. R. Torr, Ceophys. Res. Lett., 3,
537, 197e6. -

The upper atmosphere of the earth, J. C. G. Walker, in Atomic Frocesses and
Applications, edited by P. G. Burke and B. L. Moiseiwitsch, pp. 45-69,
North Holland, Amsterdam, 1976.

The penetration of soft electrons into the ionosphere, J. C. G. Walker and
G. P. Mantas, Planet. Space Sci., 24, 409-423, 1976.

Retarding potential analyzer measurement of the effect of ion-neutral collisions
on the ion velocity distribution in the auroral ionosphere, J. C. G. Walker,
J. P. St. Maurice and W. B. Hanson, J. Geophys. Res., 81, 5438-5445, 1976.
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Ceophys. Res., Lett., 5, 657, 1978,




' ORIGINAL PACE s
' OF POOR QUALITN
1978

The 01(6300&) airglow, J. C. G. Walker, P, B. Haye, D. W. Rusch and R. G. Roble,
Rev. Geophys. Space Phys., 16, 225-232, 1978.

1979

Tides and the midnight temperature anomaly in the thermosphere, J. C. G. Walker,
H. G. Mayr, I. Harris, N. W. Spencer, A. E. Hedin, L. E. Wharton and H. S. Porter,
Geophys. Res. Lett., 6, 447-450, 1979.

“Charge exchange of metastable 2D oxvgen ions with molecular oxygen: A new
source of thermospheric O, ions”, D. G. Torr, K. Donahue, D. W. Rusch,
M. R. Torr, A. O. Nief, D. Kayser, W. B. Hanson and J. H. Hoffman, J.
Geophys. Res., 84, 387, 1979.

“Zodiacal light surface brightness measurements by Atmosphere Explorer-C", M.
R. Torr, R. Stencel and D. G. Torr,_lcarus, 40, 49, 1979.

“Chemistry of the thermosphere and ionosphere”, D. G. Torr and M. R. Torr,
Je Atnos. Terr. Phys.,_l:_l' 797’ 1979.

“Recombination of Nd+ in the mid-latitude trough and polar ionization hole”,
M. R. Torr and D. G. Torr, J. GCeophys. Res., B4, 4316, 1979.

“Refigement of the aeronomically determined rate coefficient for the reaction
of N, with 0", D. G. Torr, J. Geophys. Res., 84, 1939, 1979.

“An experimental and theoretical study of the mean diurnal variation of 0+,
NO+, 0,7 and N, ¥ ions in the mid-latitude F1 layer of the ionosphere”, D. G.
Torr, ﬁ. R. orr, H. C. Brinton, L. H. Brace, N. W. Spencer, A. E.
lledin, W, B. Hanson, J. H. Hoffman, A. O. Kier, J. C. G. Walker and
D. W. Rusch, J. GCeophys. Res.,, 84, 3360, 1979.

"lonospheric Chemistry", D. G. Torr, Rev. GCeophys. Space Phys., 17, 510,
1979. _—

"Nz Vibrational Distribution in Aurorae”, H. Waite, A. F. Nagy, and D. G.
Torr, Planet. Space Sci., 27, 901, 1979.

"Associative lonization of N(ZD) and 0", M. R. Torr and D. G. Torr,
Planet, Space Sci., 27, 1233, 1979,

“Determination of the Sources and Sinks of N' Ions in the Thermosphere™, D.

G. Torr, M. R. Torr, W. B, Hanson, and J. H. Hoffman, Ceophys. Res.
Lett., 6, 573, 1979.

“The Concentration of Atomic Oxygen in the Auroral Lower Thermosphere”, D. C.
Torr and W. E. Sharp, Ceophys. Res. lett., 6, 860, 1979,

Determination of the Auroral O(IS) Production Sources From Coorcinated Rocket
and Satellite Measurements”, W. E. Sharp and D. G. Torr, J. GCeophys.
Res., 84, 5345, 1979.

I s i




ORIGINAL T/ T
OF POOR QUALIY

"Energetic Oxygen: A Direct Coupling Mechanisn Ketwean the Magnetosphere and

Thermosphere”, Me R. ‘Torr and Do C, Torr, Geophys. Res. Lett., 6, 700,
1979.

“lonization Frequencies for Major Thermospheric Constituents as a Function of

Solar Cycle 21", M. R. Torr, D. G. Torr, and R. A. Ong, Ceophys. Res.
Lett., 6, 771, 1979.

"Dissociative Recombination of N.* in the lonosphere”, M. R. Torr and D. (.
Torr, Geophys. Res, lett., 6, ;75, 1979.

“Counterstreaming of 0+ and H+ lons in the Plasmasphere”, E. R. Young, D.
G. Torr, and P. G. Richards, Ceophys. Res. Lett., 6, 925, 1979.

“Chemistry of the Thermosphere and lonosphere”, D. G. Torr and M. R. Torr,
Js Atmos., Terr. Phvs., 41, 979, 1979,

1980

“A Flux Preserving Method of Coupling First and Second Order Equations to
Sinulate the Flow of Plasma Between the Protonosphere and the lonospher=", E.

R. Young, P. C. Richards, and D. G. Torr, J. Comp. Phys., 38, 141,
1980.

“"Causes of the F-Region Winter Anomaly”, D. G. Torr and M. R. Torr,
Ceophys. Res. Llett., 7, 301, 1980.

“Quenching of 0+(ZD) by Electrons in the Thermosphere”, M. R. Torr, D. G.
Torr, and P. G. Richards, Planet. Space Sci., 28, 581, 1980.

Comparison of the N + Photochemistry at Different Phases of the Solar Cycle”,

M. R. Torr, D. G. Torr, and R. A. Ong, J. Ceophys. Res., 85, 217},
1980.

“A Computer Simulation of the Midlatitude Plasmasphere and lonosphere”, E. R.

Young, D. G. Torr, P C. Richards, and A. F. Nagyv, Planet. Space Sci.,
22, 881, 198R0.

“Temperature Dspendence of the Rate Coefficient for Charge Exchange of

Metastable 0+( D) with N," M. R, Torr and D. C. Torr, Geophys. Res.

Lett., 7, 103, 1980.

“Destruction of N(ZD) by 0,: A Major Source of 6300% Davglow Emission™, D,
G. Torr, P. G. Richards, and M. R. Torr, Geophys. Res. Llett., 7, 410,
1930,

“"The Chemistry of Excited no* in an Aurora™, E. R. Young, D. C. Torr, and
K. C. Clark, J. Geophys. Res., B85, 4223, 1980.

F-Region airglow: are ground-based observations consistent with recent
satellite results, J. C. G. Walker, L. L. Cogger, J. W. Meriwether and
R. G. Burnside, J. Geophys. Res., 85, 3013-3020, 1980.




ORIGINAL To0L s
o OF POOR QUALIVY

“Solar Flux Variability in the Schumann-Runge Continuum as a Function of Solar
Cycle 21", M. R. Torr, D. G. Torr, and H. E. Hintercgger, J. GCeophys.
Res., 85, 6063, 1980.

“The Solar Ultraviolet Heating Efficiency of the Midlatitude Thermosphere”, M.
R. Torr, D. C. Torr, and P. G. Richards, Geophvs., Res. Lott., 7, 373,
1980, -

"A New Determination of the Ultraviolet Heating Efficiency of the
Thermosphere”, M. R. Torr, P. G. Richards, and D. G. Torr, J. Geophys.
Res., 85, 6819, 1980.

"Determination of the+T ermal Rate Coefficient, Products, and Branching Ratios
for the Reaction of 0 (“D) with Nz“, D. G. Torr and M. R. Torr, J.
Ceophys. Res., 85, 783, 1980.

“lonospheric Composition: The Seasonal Anomaly Explained,” D. G. Torr, P.
C. Richards, and M. R. Torr, in The Physical Basis of the lonosphere in the
Solar-Terrestrisl System, Conference Proceedings No. 295, AGARD, Hartford
House, London, 1980.

“"Energetic ot Precipitation: A Significant Energy Source for the lonosphere,”
M. R. Torr, D. G. Torr, and R. Roble, in The Physical Basis of the
Ionosphere in the Solar-Terrestrial System, Conference Proceedings No. 295,
AGARD, Hartford House, London, 1980,

1981

“Measurement of Metastable N+(IS) 57558 Emission in the Twilight
Thermosphere”, D. G. Torr, J. W. Meriwether, M. R. Torr, and R.

Burnside, J. Geophys. Res., 86, 2314, 1981.

“Photodissociation of N,: A Significant Source of Thermospheric Atomic
Nitrogen," P. G. Richargs, D. G. Torr, M. R. Torr, J. Geophys. Res., 86,
1495, 1981.

"Further Quantification of the Sources and Sinks of Thermospheric 0(1D)
Atoms," D. G. Torr, P. G. Richards, and M. R. Torr, Planet. Space Sci.,
29, 595, 1981.

"Solar EUV Energy Budget of the Thermosphere,” M. R. Torr, P. G. Richards,
and D. G. Torr, Adv. Space Research, 1, 53, 1981.

"Space Platform Science/Application Requirements," S. T. Wu, W. W. L. Taylor,
D. G. Torr, and A. B. C. Walker, Proceedings of ATAA 19th Aerospace

Sciences Meeting, January 12-15, 1981, ATAA-81-0340, American Institute

of Aeronautics and Astronautics, New York, 1981.

“A Formula for Calculating Theoretical Photoelectron Fluxes Resulting from 3
the H 304 A Solar Spectral Line," P. G. Richards and D. G. Torr, :
Geophfs. Res. Lett., 8, 995, 1981.

"The Dissociative Recombination of O + in the Ionosphere," M. R. Torr and
D. G. Torr, Planet. Space Sci., 29, 999, 198l.




Ciovniovn 78
OF POUR QunkiY
1982
“The Seasonal Effect of Nitric Oxide Cooling on the Thermospheric UV Heat

Budget," P. G. Richards, M. R. Torr, and D. G. Torr, Planet. Space Sci.,
30, 515, 1982.

"Determination of Photgoionization Branching Ratios and Total Photoionization
Cross Sections at 304 A from Experimental Ionospheric Photoelectron Fluxes,"
P. G. Richards, D. G. Torr, and P. J. Espy, J. Geophys. Res., 87, 3599, 1982.

"The Role of Metastable Species in the Thermosphere,” M. R. Torr and D. G. Torr,
Reviews of Geophysics, 20, 91, 1982.

"Thermospheric Molecular Oxygen," M. R. Torr, D. G. Torr, R. Carter, and
D. Kayser, J. Geophys. Res., 87, 1727, 1982.

“The Effect on Thermospheric Chemiitry of a Resonant Charge Exchange Reaction
Involving Vibrationally Excited N, 1Ions with Atomic Oxygen,'" W. Abdou,
D. G. Torr, P. G. Richards, and M. R. Torr, J. Geophys. Res., 87, 6324, 1982.

"Measurements of the Metastable N+(ID) 6584 % Emission in the Twilight
Thermosphere," D. G. Torr, W. A. Abdou, and M. R, Torr, submitted to

J. Geophys. Res., February, 1982.

"A Simple Theoretical Model for Calculating and Parameterizing the
Ionospheric Photoelectron Flux," P. G. Richards and D. G. Torr,

submitted to J, Geophys. Res., March, 1982,

"Determination of 0-60 eV Electron-Impact Cross Sections for O and N, from
Atmosphere Explorer Ionospheric Photoelectron Flux and Solar EUV Flux
Measurements,'”" P. G. Richards and D. G. Torr, submitted to J. Geophys. Res.
August, 1982.

"A High Resolution Ultraviolet Imaging Spectrograph for Studies of the
Middle Atmosphere,”" D. G. Torr, M. R. Torr, J. K. Wood, and Wedad A. Abdou,
submitted to Ann. Geophys., September, 1982.

"The Role of 0+(2D) in Thermospheric Chemistry,” D. G. Torr, Wedad A. Abdou,
P. G. Richards, M. R. Torr, and E. Breig, submitted to Ann. Geophys.,
September, 1982.

Seasonal dependence of the distribution of large-scale plasma depletions in
the low-latitude F region, J. C. G. Walker and Ts. P. Dachev, J. Ceophys. Res.,
87, 7625-7639, 1982.




	GeneralDisclaimer.pdf
	0068A02.pdf
	0068A03.pdf
	0068A04.pdf
	0068A05.pdf
	0068A06.pdf
	0068A07.pdf
	0068A08.pdf
	0068A09.pdf
	0068A10.pdf
	0068A11.pdf

