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PREFACE

In April 1970, a conference dealing with ' Applications of Chemistry to
Nuclear Weapons Effects' was sponsored by the Defense Nuclear Agency
(DNA) --formerly the Defense Atomic Support Agency--in cooperation with the
Air Force Cambridge Research Laboratories (AFCRL). The significant variety
and number of high-quality presentations by attendees at that meeting made it
apparent that results obtained from DNA-sponsored research concerning the
chemistry and physics of the disturbed upper atmosphere were being widely
employed by various governmental agencies and other organizations engaged
in the improved comprehension of many facets of nuclear-disturbed ionospheres.
This was particularly true for those involved with the formulation of improved
models and predictive computer codes required for high priority DOD optical,
radar, and communications systems.

Consequently, it was ascertained in early 1972 that the increasingly rapid
output of '""chemistry" information, since that earlier conference, made it
highly desirable to once again convene a similar type of interdisciplinary tech-
nical conference for those employing this '""chemistry' output in their endeavors,
with special emphasis on data of interest to the DNA and DOD code communities.
The response to this idea was overwhelming, both from the response of attendees
and those desiring to present the latest '""chemistry' information and its
applications to the nuclear effects community.

As a result, it became mandatory for the DNA Program Committee to
regretfully reject a large number of the many papers submitted for presentation,
due to overall timing constraints. Even then, those papers chosen were done so
with great difficulty by the committee because of the high general level of
interest shown by contributing authors and those who attended. As a compromise,
the titles and authors of a number of the more significant, unpresented papers
were listed on the program and marked with an asterisk: i.e. (*). before and
after the title, to indicate the fact that they were not formally presented at the
conference but were of interest and concern. The abstracts of such papers are.
therefore, included in this document.

Those individuals desiring more information concerning the abstracts of
any of the papers listed on the program may wish to contact the authors direcily
at their own convenience. The understanding and cooperation of all who submitted



papers for this conference are deeply appreciated and sincere thanks are
expressed upon behalf of DNA to all attendees whose active participation made
this " Second Conference on Applications of Chemistry to Nuclear Weapons
Effects'', which was indeed a highly informative forum. The tireless efforts

of conference administrative personnel are also acknowledged and gratefully
appreciated.

DR. CHARLES A. BLANK
DNA Conference Project Officer
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EFFECTS OF TURBULENT ENTRAINMENT AND NONUNIFORM
MIXING ON FIREBALL CHEMISTRY

S. €. Linf
Xonics, Inc.

The effects of turbulent entrainment and nonuniform mixing on the chemistry
and certain observable properties of nuclear fireballs are examined in the light of
some small-scale laboratory experiments performed at the University of
California, San Diego. 1 These experiments, carried out at thermal energy
deposition of the order of 103 joule in air at sea-level pressure, indicate that the
thermal interface remains very sharp and that large amplitude temperature
fluctuations persist at all depths even after the fireball becomes fully turbulent.
It is quite clear that mass entrainment of the ambient air into the interior of the
fireball is a continuing macroscopic convective mixing process very similar to
that occurring in natural atmospheric thermals. In view of the very nonuniform
nature of the convective mixing process, one must be very careful in any theo-
retical treatment of the fireball chemistry problem for the following reasons:

1. For very rapid chemical reactions which tend toward local equilibrium

following each change of state resulting from the convective mixing

and turbulent cascade process, the local concentrations of dissociation
and ionization products (e.g., atoms, free electrons, etc.) are
generally very sensitive to the local temperature due to the largeness
of D/KT appearing in the Boltzmann factor at late times (where D
denotes either the dissociation or ionization energy). Thus. calculation
of ""averaged concentrations' from statistical mechanics using simple

T Unclassified address: Professor of Engineering Physics and Associate
Director, Department of Applied Mechanics and Engineering Sciences and
Institute for Pure and Applied Physical Sciences. University of California.
San Diego, P.O. Box 109, La Jolla, California 92037.

Lin, S. C., Tsang, L. and Wang, C. P. "Temperature Field Structure in

Strongly Heated Buoyant Thermals.' Scheduled for publication in The
Physics of Fluids, November 1972,

17



mass-averaged or volume-averaged temperature within the fireball
can lead to very large errors.

2. For nonequilibrium endothermic reactions or exothermic reactions
with significant activation energies, E*, calculation of the '""averaged
rates of formation' of the reaction products from chemical kinetics
using ""averaged temperature' and '"averaged concentrations of
reactants' can also lead to serious errors. This is not only due to
the largeness of E* /KT appearing in the temperature-dependent rate
constants, but also due to a possible lack of spatial correlation of the
reactant concentrations within individual fluid elements.

3. Even for exothermic reactions with negligible activation energies
(as in the case of most attachment and recombination reactions in
the atmosphere), one still must keep track of the spatial correlation
problem among the participating species in order to avoid serious
errors in the calculation of averaged reaction rates.

In addition to volume-averaged properties, the spatial distributions and con-
centration fluctuation spectra of many chemical species relevant to certain
gradient-sensitive observables (such as radar scattering, scintillation, etc.)
are also of considerable interest in the overall chemistry problem. It is
important to note that such fluctuating properties of the fireball generally
cannot be obtained by any perturbation method (or as an afterthought), starting
from a prematurely smoothed out hydrodynamic calculation. Instead, the
macroscopic convective mixing and three-dimensional turbulent cascade nature
of the entrainment process must be faced at the outset in any realistic treatment
of the fireball chemistry problem.

In the latter part of this paper, the implications of the above-cited effects
on the general problem of numerical computation of fireball chemistry and
observables will be evaluated. The minimum grid size that would be required
in direct numerical computations will be estimated from existing laboratory
experiments.1 The problems of scaling, and possible use of relative small-
scale laboratory experiments for statistical modelling of fireball chemistry will
be discussed.
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ENTRAINMENT BY INTERMEDIATE ALTITUDE FIREBALLS

Girard A. Simons
AVCO-Everett Research Laboratory

A mathematical model is developed to describe the entrainment of ambient
air by a rising fireball. It is postulated that entrainment, prior to torus for-
mation, occurs as a result of turbulent mixing at the fireball-atmosphere
interface. The interface is Kelvin-Helmholtz unstable over time scales which
are several orders of magnitude smaller than the fireball revolution time. The
model is valid for the first few revolutions, after which the interface diffuses
throughout the fireball.

The inviscid fireball is modeled by Hill's Spherical Vortex. The mixing
region separating the fireball from the atmosphere is assumed thin compared
to the fireball radius, and the turbulent mixing layer equations are derived.
Mathematical closure is achieved by utilizing an eddy viscosity model. A
self-similar solution is obtained which describes the density, velocity, and
species concentrations on the mixing layer streamlines. The net entrainment
of ambient air into the fireball is calculated in terms of the mixing length, and
the mixing lengths are inferred from photographs. Hence, the entrainment
rates are predicted in a semiempirical method. The model is presently being
extended to predict the temperature and density on the fireball streamlines.
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PARAMETRIC STUDY OF FIREBALL RISE WITH ENTRAINMENT
AND NONEQUILIBRIUM CHEMISTRY

Robert N. Wilson
Mission Research Corporation

A numerical study is made of a model of nuclear fireball rise in the ambient
atmosphere. It is assumed that during the rise and cold air entrainment phase
of fireball development, the fireball is in pressure equilibrium with the sur-
rounding ambient atmosphere. The model includes the effects of (1) nonequi-
librium chemical composition of the fireball, (2) cold air entrainment by the
fireball, and (3) coupling of the equation of motion of the fireball rise to the
chemistry and entrainment. The model predicts, as functions of time, the
chemical composition, velocity, altitude, volume, pressure, temperature and
mass of the fireball.

The equations of hydrodynamics of the fireball are reduced to a one-cell
description of the fireball rise under the influence of the buoyant force, aero-
dynamic drag force, and the force arising from cold air entrainment. This
simple characterization results in a rather fast running time for the computer
code compared to the more detailed computer codes which make use of the
differential equations of hydrodynamics with a difference scheme involving
many cells in three-dimensional space. On the other hand, the nonequilibrium
chemistry scheme employed in our model includes 37 chemical species and
about 300 chemical reactions in the form of a set of coupled rate equations. We
have included several species which, although small in number density, are
important in certain systems applications.

The model used for the cold air entrainment by the fireball assumes
that the mass of cold air entrained per unit time is proportional to the mass
of ambient atmosphere swept out by the fireball per unit time; the propor-
tionality factor, «, is called the '"mass entrainment' parameter. This
model is essentially that introduced by G. I. Taylor* to describe entrainment

* Taylor, G. I. '"Turbulent Gravitational Convection from Maintained and
Instantaneous Sources.' Proc. Roy. Soc., Series A, 234, p. 1 (1956).

20



of ambient air by rising buoyant thermals. The cold air entrained is assumed
to be instantaneously mixed into the fireball in the sense that the fireball
temperature T is assumed to be uniform. We assume that the translational
and internal degrees of freedom of the different chemical species are in equi-
librium at temperature T, but the concentrations of the different chemical
species are not, in general, assumed to have the values which they would have
in an equilibrium air mixture at temperature T.

The differential equations governing the thermodynamic behavior of the
fireball including nonequilibrium chemical composition effects, are determined
by considering an infinitesimal process in which the fireball entrains ambient
air and undergoes a change in pressure. It is assumed that Dalton's law of
partial pressures is valid for both the fireball gas and the ambient atmosphere.
Thus:

pi = nikT (1)

p= ?nikT = EnkkTa (2)
where p; is the partial pressure of species i, n, the number density (concen-
tration) of species i, T the temperature of the fireball and T 5 the temperature
of the ambient atmosphere. The sum i is over the many species of the fireball
while the sum k is over the few species of the ambient atmosphere. The internal

energy, £, per unit volume is given by:

£p=3n, [fi(T) + ci] b=y [fk <Ta> + ck] (3)
for the fireball and ambient atmosphere, respectively. Ci denotes the heat
of formation of the species i and fi (T) is a polynomial fit of the temperature
dependence of the internal energy (translational, vibrational, rotational,
electronic) of the = species. The change in the number density n;, of any
given specie in the fireball involves a change due to (1) the addition of ambient
air, (2) expansion of the fireball as it rises, and (3) change in the chemical
composition.

The model assumes that there is an initial time interval of rise 0 < t <tt,
during which the ftreball has the shape of a sphere and entrains no ambient air.
At the time tt
the entrainment. There is some ambiguity regarding the choice of the time tt.

we change the shape of the fireball to that of a torus and '""turn on"

We have therefore studied numerically the effect of varying tt'
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The two main parameters whose values are varied in crder to fit data are
the entrainment parameter, o, and a coefficient, CD’ occurring in the aero-
dynamic drag, called the '"drag' coefficient. We have tried to bracket the
data on the BLUE GILL and TIGHTROPE Events by varying the values of a
and CD. Although this parameter study is not completed, the results which we
have obtained are in reasonable agreement with the data of the two events
mentioned above. We have applied the model to the ORANGE Event using the
sets of values of @ and CD which bracket the BLUE GILL and TIGHTROPE
data.
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PHOTODETACHMENT BY FIREBALL THERMAL RADIATION

Dale S. Sappenfield
Mission Research Corporation

One of the contributions of the MRC to the analysis of terminal defense
antiballistic missile (ABM) systems is the calculation of electron densities
produced by high-yield weapons employed as precursors. These calculations
were performed by W. A. Schlueter and D. S. Sappenfield.

The effect of fireball thermal radiation on photodetachment rates relative
to electron density results will be considered for early times. However, a
need exists for certain other atmospheric parametric information in order to
improve our current predictive capabilities. These factors will be discussed
in detail, and an evaluation of present constraints involved in such calculations
will be indicated.
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THE ROLE OF NEGATIVE IONS IN LOW ALTITUDE
NUCLEAR BURST PHENOMENOLOGY

Frank P. Hudson
Sandia Laboratories, Albuquerque

The very rapid three-body attachment of free electrons to oxygen molecules
at altitudes below 20 kilometers initiates the complex interlinked set of negative
ion reactions which compete with the neutralization processes that remove the
electrons permanently. The electrons attached to molecules and radicals are
potentially readily available as free electrons through low-energy detachment
processes. It is through study of the energy, time, altitude, and species
dependence of negative ion processes that electron density recovery can be
understood.

Calculational models of the chemical kinetics of the recovery from burst
induced charge-perturbation of the lower atmosphere have been used to study
the above processes as a function of altitude, temperature, energy input, level
of detachment, and time. The models include one of 40 species and 200
reactions; an equivalent one using 5 species and 9 reactions; and one incor-
porating radiation transport and deposition. Results of the calculations will
be shown graphically.
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NUMBER DENSITIES AND REACTIONS DURING ATMOSPHERIC
DEIONIZATION AS PREDICTED BY WEPH D AND AIRCHEM
CODES AT 30 KM AND BELOW

B. W. Carney, E. L. Lortie, M.D. Kregel, and F. E. Niles
Ballistic Research Laboratories

The multiple species codes AIRCHEM I and AIRCHEM II were used to solve
the rate equations for 59 species involving 523 reactions for a grid of points
below and south of a 5-MT nuclear burst at an altitude of 30 km. The values
for the rate of ionization at a particular point were obtained from the WEPH D
code. The electron density, total positive ion density, and attenuation in db
for UHF and S-band radiation were also calculated with WEPH D. The electron
density as a function of time predicted by the AIRCHEM codes is less than that
predicted by the WEPH D code. Conversely, the total positive ion density as a
function of time predicted by the AIRCHEM codes is greater than that predicted
by the WEPH D code. There are several reasons for this. First, the numerical
solution given by WEPH D is inaccurate. Second, the electron attachment
coefficient employed by WEPH D is too small. Third, the dissociative recom-
bination coefficient employed by WEPH D is too small. The AIRCHEM codes
reveal that hydrated protons and other cluster ions are the principal positive
ions and these have dissociative recombination coefficients greater than 10_6
cm3/ sec, whereas WEPH D employs a value of 2.272 x 1077 cm3/ sec at 20 km.
Fourth, WEPH D considers that three-body ion-ion recombination is the major
ion-ion recombination process and uses a value of 5.118 x 10-7 cm3/sec,
whereas the AIRCHEM codes did not include three-body ion-ion recombination
for cluster ions, and, hence the effective ion-ion recombination coefficient
was about 107%
is important to these calculations has been estimated. Photodetachment and

cm”/sec. Every ion-ion recombination rate coefficient which

photodissociation were not included in the codes.
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REVIEW OF THE CHEMISTRY OF ATMOSPHERIC DEIONIZATION FOR
THE D AND SUB-D REGIONS
CURRENT STATUS OF KNOWLEDGE AND PROBLEMS REMAINING

F. E. Niles
Ballistic Research Laboratories

Thanks in great measure to the DNA Reaction Rate Program, our know-
ledge of the rate coefficients for ionospheric and atmospheric reactions has
advanced greatly during the past decade. The chemistry of atmospheric
deionization for the D and sub-D regions differs from that for the undisturbed
regions primarily in that reactions between neutral species are less important.
The reaction sequence for positive ions in the undisturbed D region will be
given. The species observed with mass spectrometers will be shown for
comparison The complex ions mentioned such as NO+ ( 20) and H+ <H20>
and NO (H20>2 and H <H20>2 , are indicative of the need in the undisturbed
D region of a rapid means of getting from the NO ions to the hydrated protons.
Niles and Heimerl (1972) have suggested that reactions of NO+<H20> or
NO+(H20> , With either HO, or OH may satisfy the need. In the undisturbed
D region, an NO sequence (or some as yet undetermined sequence starting
with NO+ and possibly involving water conglomerates) will be found to be more
important than the O2 sequence . In the disturbed D region, both sequences
are important, but the O2 sequence is the more important. In addition to the
reactions, reactions involving Nt and O are important in the disturbed D region.

Three types of reactions will be indicated; viz, positive ion-neutral asso-
ciation, switching reactions, and positive ion-neutral rearrangement. Laboratory
measurements of rate coefficients for positive ion-neutral association for cluster
ion breakup, as well as laboratory measurements of rate coefficients for positive
ion switching reactions will be enumerated. In addition, laboratory measure-
ments of rate coefficients for positive ion-neutral rearrangement reactions
will also be presented.

For the first several hundred seconds the deionization of the atmosphere
occurs primarily by dissociative recombination of positive ions and electrons.

In the d1sturbed D region, the recombmatlon occurs initially with N2 . next
with O2 , and then with either NO or one or more of the cluster ions. The
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number densities of the positive ions as a function of time in the beta patch at
altitudes of 55, 60, 65, and 70 km, respectively, will be presented. The sudden
upturn in several of the number densities for an altitude of 70 km around 500

sec is interpreted to reflect a precipitous drop in the number density for atomic
nitrogen.

The chemistry for the negative ions is much more uncertain than that for the
positive ions. Number densities of the negative ions and the electron as a
function of time in the beta patch at altitudes of 55, 60, 65, and 70 km, respec-
tively, will also be presented. In these calculations NOZ_ <H20> was the
terminal negative ion and as such is a collective representation of all hydrated
negative ions except 02' H20> . A great deal of research remains to be done
before we can adequately model the chemistry of the negative charged, cluster
ions.

The chemistry of the sub-D region is very similar to that of the D region
except that the time constants for many of the reactions are much shorter.
Consequently, both positively charged and negatively charged cluster ions
become important sooner.

Some of the problems remaining are these:

1. Rate coefficients for the formation and breakup of cluster ions are

needed. Those for positive ions need to be measured at the temperatures

of the D region. Those for negative ions are needed at room temperature
as well as at the temperatures of the D region. Breakup of the ions by
photodissociation, associative detachment of the neutral molecule from the
central ionic core, and unreacting collisions need to be studied.

2. Switching and ion-neutral rearrangement rate coefficients are needed

for the reactions involving cluster ions.

3. Measurement of the photodetachment cross section as a function of

wavelength for the negatively charged cluster ions and for NOB-, COB—’

and CO4 is needed.

4. Rate coefficients for both two-body and three-body ion-ion recombi-

nation are needed for cluster ions. These reactions control the late-

time deionization.
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D-REGION ANALYTICAL CHEMISTRY FOR EARLY TIMES
FOLLOWING X-RAY ENERGY DEPOSITION

B. F. Myers
Science Applications, Inc.

At early times following energy deposition by X-rays at altitudes below 100
km, the initial high level of ionization resulting from the deposition rapidly
decays; accurate numerical computation of the time profiles of species involved
in this decay could require more computer time than one would normally allot
per unit problem-time interval. In anticipation of this possibility with the HAIR
code, a full code developed at SAI, an early-time analytical chemistry scheme
was devised. Subsequent experience with the analytical scheme demonstrated
that the computer time required could be a factor of five hundred smaller when
calculations with the analytical scheme were made compared to calculations with
the full code. Furthermore, the agreement between the codes was very good
in calculating the major species densities.

The mechanism on which the analytical scheme was based consisted of the
following nine reactions involving 13 species:

e+N2+< % > - aN (%) + N (20°)
e +0," (X ) ~y0(p) + so(! )
N,* <x12g+>+ 0, <x3zg' - N <x12g+> +0,* (xzng>

)
N (2p°) + 0, <x3zg') ~NO <x2nr> +0(3p)
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1 3. - [
O2 <a /_\.g>+ O2 <X Zg > - 202 <X Eg)
1 3 =
O2 <a Ag) -.02<X Zg) + hy

The quantities of o, 3, y, and 6 are parameters to be specified. This scheme
appears to valid for t=1 sec and for initial levels of ionization corresponding to

ion-pair densities less than 1012 3.

The justification for omitting negative
ions, atomic ions, and certain reactions can be established for the altitude range
from 60 to 100 km. An exact mathematical solution of the rate equations govern-
ing this approximate mechanism has been obtained.

The analytical scheme (DACET) and the HAIR code have been compared for
an X-ray energy deposition involving an initial density of 109 ion-pairs cm~
with the following results at 0.1 sec. Differences are due to the fact that
HAIR contains many additional reactions of lesser importance in this time

period.
Number, Density, cm_3
Alt. — 60.92 km Alt. — 90.7 km

Species HAIR DACET HAIR DACET
o(3p) 2.92(9) 2.99(9) 1.46(11) 1.46(11)
o (1p) 8.70(2) 8.04(2) 1.27(5) 7.93(4)
0, <x3zg‘> 1.23(15)  1.23(15) 1.17(13) 1.17(13)
0, <a1Ag> 1.67(9) 1.67(9) 6.12(9) 6.13(9)
0, <b12g+> 1.26(8) 1.32(8) 3.35(8) 3.10(8)
o, <x2ng> 4.32(7) 4.11(7) 4.80(7) 3.69(7)
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N (4s°)

N (2D°

N, (xlzg+)
N, (A= g
NO (xznr>
Ny <x3zg+>

e

Number, Density,

cm © (Continued)

Alt. =60.92 km

Alt. ='90.7 km

HAIR
1.84(8)
1.17(3)
4.57(15)

4.44(7)

DACET
1.83(8)

4.57(15)
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1.9%{9)
8.43(6)
4.34(13)

5.79(6)
2.41(9)

5.34(-1)
5.23(7)

DACET

1

Vs
4.

.691(9)
40(6)
34(13)

. 54(7)
.46(9)

. 5(=17)

.69(7)



AN ANALYTIC MODEL FOR NUCLEAR-INDUCED
D-REGION CHEMISTRY

Murray Scheibe
Mission Research Corporation

During the last few years it has become apparent that the processes gov-
erning the chemistry in the D-region are extremely complicated. Up to
60 different chemical species have been identified as being involved.

The numerical integration of all the differential equations which are needed,
many of which become stiff, has thus become impractical for fast or even
comparatively slow systems codes in which one wishes to include the effects
of nuclear weapons. A simplified model of D-region chemistry is needed and
if the systems code is not forward running, an analytic model is preferable.

We have divided the chemical and ionization phenomena following a nuclear
burst into four phases. The first phase involves the initial ionization, disso-
ciation and excitation of air by the X-ray pulse. The second phase involves the
subsequent charge transfer, recombination, and other neutral and ion reactions
leading to the production of the species N, O, and NO. After this phase, the
neutral chemistry uncouples from the charged particle chemistry, and the third
phase deals with the decay of the N, O, NO, and O2 <1A) formed in the first
two phases. The fourth phase, concurrent in time with and dependent on the
results of the third phase, involves the late-time deionization.

We have given the second and third phases the greatest emphasis because
neutrals such as NO, 03, and NO2 are strong infrared emitters, and the neutral
chemistry istherefore important for optical systems as well as for radar
systems. In addition, lumped-parameter models which attempt to solve essen-
tially the fourth part of the problem need solutions for the neutral species
production and decay as inputs.

The initial distribution of species formed by the X-ray pulse was taken
from the work of Ory and Gilmorel. The second phase was treated by solving
for the branching ratios of charge transfer (with or without rearrangement) to

1. Ory, H. A. and Gilmore, F. R. ""The Chemistry of Nitrogen Oxides and
Ozone in the Disturbed D-Region'" DNA 2835T, September 1971.
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electron recombination for the initial ions present. The third phase behavior

was obtained, to a large extent, by solving individually for the O - 03. the early-
time N - NO, and the late-time NO - NO2
action between the systems as small correction factors. The final phase, the

systems and accounting for the inter-

deionization process was obtained by assuming the charged-particle densities are
in a steady state. At early times, when the steady-state assumption does not
apply, a simple transient solution was used for the electron density and several
of the positive ion species.

The analytic solutions obtained by the methods described were applied to
a number of cases at 40 to 80 km altitudes and the results compared with those
obtained using a coupled reaction rate code which numerically integrates the
nonlinear differential equations. The general agreement was fairly good.

The largest disagreements occurred when the initial ionization levels were low
and also at the 40-km-altitude cases. The main reason for this was that the
assumed small correction terms used to account for the interaction between
chemically reacting systems became the dominant terms. In addition. at 40 km,
ion clustering was dominant during the charged-particle transient period, and
this was not included in the transient solution. The ion clusters were included
only in the steady-state solution.

Future work will include extending the model to low altitudes and ionization
levels and to daytime effects. This is not expected to be too difficult. The
extension of the model to multiburst effects is also contemplated, and this may
entail some loss in accuracy.
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ERRORS ASSOCIATED WITH RANC AND WEPH CODE
LUMPED-PARAMETER CHEMISTRY MODELS

W. S. Knapp
General Electric—TEMPO

Delayed radiation is a major source of atmospheric free electrons following
a nuclear burst. Comparisons are presented of the electron density due to
delayed radiation calculated with a multispecies chemistry model and with the
lumped-parameter chemistry model used in the RANC and WEPH codes. The
multispecies model includes effects of prompt radiation on the minor neutral
species concentrations and effects of cluster ions. Results are presented as a
function of altitude and delayed-radiation source strength for parametric values
of initial ionization. Current modifications of the lumped-parameter model to
reduce errors are described.
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CALCULATIONS OF ATMOSPHERIC IONIZATION
PRODUCED BY SPRINT BURSTS AT VARIOUS ALTITUDES

William B. Maier II
Los Alamos Scientific Laboratory, University of California

A high-speed digital computer has been used to calculate the time depen-
dence and spatial extent of ionization produced by Sprint bursts at 3, 10, 20,
and 26 km. Contours of electron concentration and absorption of 3 GHz radar
signal are given. At 20 and 26 km, the electron densities and radar absorp-
tion contours are asymmetric about the burst point. For 3 and 10 km bursts,
radar absorption and electron densities are only slightly asymmetrically
distributed around the burst point. Up to 1 sec after a burst, COZ1 constitutes
a significant fraction of the negative ions, but after 1 sec, COB‘ N02. and

NO3 are the only abundant negative ions. Ionized regions are larger at the
higher altitudes than at the lower altitudes.
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WORRY INFRARED CHEMISTRY AND
LOW ALTITUDE PROBLEMS

W. A. Whitaker
Air Force Weapons Laboratory, AFSC

WORRY is an infrared and optical systems code corresponding to RANC
IV. The chemistry pertinent for optical emissions is much more complex
than that assumed for the normal procedures on electron densities. WORRY
therefore demands much more detailed physical input and must solve much
more elaborate chemistry equations.

This paper will discuss the WORRY chemistry, its solution in direct
integration and analytic fits which are used for swift systems runs. The
analytic chemistry modeling is fairly general, and a procedure has been
adapted which allows rapid addition of large classes of additional reaction
rates and species. The procedure may therefore have more general
application.

Checks are given against full numerical integration on the chemistry and
against hydrocode calculations on the phenomenological model. Suggestions
will be made on the basis of systems runs, what physical parameters seem
to be the most significant, and those that seem to be the least well known at
this time.
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PREDICTION OF THE NO CHEMILUMINESCENCE
IN THE STARFISH EVENT

B. F. Myers and D. A. Hamlin
Science Applications, Inc.

We have applied our recently developed IR models and codes to predicting
the NO chemiluminescence from the STARFISH Event. This application was
made because (1) it affords an opportunity to compare predictions with experi-
mental data and with other code predictions, and (2) we have improved the
description of the phenomenology by explicitly computing both the source function
and deposition of the charge-exchange (CHEX) particles emitted from the debris-
air piston.

The deposited X-ray energy was computed by standard techniques. The
resulting initial species were those recommended by Ory and Gilmore modified
above 100 km to account for a changing composition and excited states. The
angle-dependent CHEX-particle energy spectra were obtained from our debris-
air coupling (DAC) code. The CHEX particles were slowed according to a
velocity-dependent stopping power. The deposited CHEX energy was divided
into elastic and inelastic portions; the latter is associated with ionization which
was partitioned among various species, with account of dissociation. Parti-
tioning of the elastic portion, in the absence of relevant information, was done
with a simple model developed to obtain a distribution of species, including
dissociated and excited states for molecular targets. By combining the species
and energies from the X-ray and CHEX-particle energy depositions, we obtained
inputs to our chemistry codes, DACET and HAIR.

Comparison of the results of the calculation with the field data for the
spectral interval 4.8 to 5.5pum shows good agreement. On the basis of the
volume emission rates, as a function of altitude and time, one can show the
relative importance of the energies deposited by X-rays and by CHEX particles.
By combining these results with an inspection of the rates of reactions that
lead to NO formation, we find that (1) for t > 2 sec, 78 percent of the signal
9 k-.l NO + O, while (2) forl;t < 2 sec,

72 percent of the signal results from the reaction N <2D> + 02 _.2 NO + O.

results from the reaction N <4S> + 0
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In view of the importance of reaction (1), we have examined the effect of
the initial NO vibrational distribution on the results. Three distributions have
been used. Distributions A and C have been derived by analyzing experimental
data and differ only in the (experimentally-undetermined) initial fractional
populations assigned to levels v=0 and 1. Distribution B represents the equal
population assumption and gives a greater signal, being larger by a factor of
3.5 at 70 sec than the signal represented by Distribution C.

The present calculations differ from recent calculations in important
respects; however, we consider the conclusions to be tentative until further
calculations have been made which include the effects of atmospheric heave
and to explore the assumptions involved in the CHEX-particle energy deposition.
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(*) THE ROLE OF ELECTRIC FIELDS IN HIGH ALTITUDE
REACTION RATE MODELS (*)

C. M. ‘Crain
The Rand Corporation

The degree to which electric fields can affect reaction rates in the lower
D-region appears poorly resolved. This matter and its practical implications
are discussed.
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SHOCK ENHANCED LWIR AT 15, FROM THE COz-Nz SYSTEM

T. I. McLaren
Mount Auburn Research Associates, Inc.

The problem considered is the enhancement of the 15, radiation band from
the Vo (bending) mode of CO2 due to the passage of a strong shock wave through
the atmosphere at 100 km. Such shock waves are characteristic of a ballistic
detonation.

The model used considers the COZ—N2 system and includes energy exchange
processes to account for T-V and V-V excitation and deexcitation, absorption.
and induced and spontaneous emission. Estimates of shock wave parameters
were based on the COWL calculation for the TEAK Event.

A number of cases have been run, including:

1. Ambient conditions at 100 km (no shock).

2. Postshock conditions where the nitrogen vibrational temperature was

much less than the kinetic temperature for times of interest (Mach 6
shock) .

3. Postshock conditions where nitrogen vibrational and kinetic temperatures

were equilibrated (Mach 8 shock).

4. Conditions corresponding to the late-time adiabatic relaxation of the

shock-treated atmosphere.

Results of these calculations showed that, for the cases treated. the
radiance level is insensitive to the value of nitrogen vibrational temperature.
the main effect being due to the enhanced T-V reaction rates behind the front.
In cases (2) and (3) above, the 15u-radiance levels were increased 2-3
orders of magnitude above the corresponding ambient levels.
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CHECKMATE OPTICAL OUTPUT CALCULATIONS

Paul C. Kepple and A. W. Ali
Naval Research Laboratory

The visible (3800 to 76001;) radiation from the early expansion phase
(3.02x 1073 <to = 3.52x 10 "L sec) of the CHECKMATE Event is computed.

The temperatures and densities were taken from the tapes of CHECKMATE
runs of the TIGHT code which include N, O, and Al. The total energy radiated
in the visible is only 4 percent of that in the ultraviolet (UV), thus justifying
the uncoupling of the visible radiation calculations from those of the dynamics

of UV.
Comparison with existing data shows fair agreement in certain aspects of

the total power radiation.
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ATMOSPHERIC ELECTRON DENSITIES AND TEMPERATURES
FROM A HIGH ALTITUDE SPARTAN DEVICE

Carl A. Rouse, John P. Wondra, W. B. Lindley, and W. G. Vullier
Intelcom Rad Tech

We report preliminary calculations that approximate the heating of ambient
air at high altitudes by a Spartan device. The objective is to roughly anticipate
the two-dimensional energy deposition that will be predicted later using the
asymmetric radiant flux from current Intelcom Rad Tech late-time, two-
dimensional calculations of a Spartan device. We are interested in the asym-
metric radiant energy deposition in air and the resulting electron and ion
densities and temperature under conditions of local thermal equilibrium (LTE)
and non-LTE due to the asymmetric properties of the ambient atmosphere. We
consider the previous one-dimensional calculations that simulate the deposition
of a Spartan device in regard to the low frequency spectrum. We also use a
Spartan spectrum previously reported. The absorption coefficients for nitrogen
were obtained from other literature sources. Using the Intelcom Rad Tech
FHUFF code, we perform various one-dimensional, time-independent,
radiative-transfer calculations assuming constant densities at altitudes of
200 km and 400 km. The results are applied to radiative transfer in the
horizontal, upward, and downward directions using the appropriate optical
depths. The atmospheric heating will be discussed, and estimates of the
electron and ion densities and temperature as functions of space will be given.
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EFFECTS OF CHEMISTRY ON ELECTRON DENSITIES
IN THE REFRACTIVE REGION

J. I. Valerio
Science Applications, Inc.

After a nuclear burst of intermediate yield at 150 km altitude, the electron
density just outside the fireball is found to decay more rapidly than ionization at
larger radial distances. Within 15 seconds, a spatial structure is introduced in
the 106 and 107 cm'3 electron density contours of possible importance to the
refraction analysis of radar signals. Electron density contours illustrating the
structure are shown in the below figure for 60 seconds after the burst.
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Deionization of the disturbed atmosphere was computed by the CHIEF
chemistry code both with and without the burst induced shock wave at a number
of locations. Density variations produced by the passage of the shock wave
were found to increase the chemical rates by only a small amount and thereby
showing the radial dip in electron density to be primarily a chemical effect.

Outside of the initial species composition, the major factor governing the
deionization rate was found to be the radial gradients in the heavy particle
temperature T and N2—vibrat’10na1 temperature 0, These gradients determine
the relative importance of the rate coefficients kl and k2 for the competing

reactions:
+ e - . 4-13 -10
O +N2-.NO + N kl_k1<T, 9V>, 4 Skl <10 (1)
+ - N . =l -10
(0] +02--O2 + 0 kz_kz(T), 3 sk2510 (2)

Immediately outside the fireball region of persistent ionization, reaction (1) is by
far the more important because of the high N, -vibrational temperature. Here,
the depletion of o’ proceeds with a relatively short characteristic time. At
larger radial distances, QV falls to such low values that k2 exceeds k1 making
reaction (2) the dominant process. Since the characteristic decay time

(kz [02> ~4 for reaction (2) is longer than the decay time just outside the fire-
ball, a dip in the electron density is obtained at intermediate distances.

An approximate analytical solution can be obtained for the electron density
outside the fireball that closely agrees with the more complex CHIEF calculation.
In addition to reactions (1) and (2), we consider the dissociative recombination
reactions:

NOt +e~-N+0O (3)
02++e-0+0 (4)

with a single average rate coefficient k3 and assume that [Nz] and [02] remain
constant in time. The resulting solution for the electron density is:

[ &l e exp (—a e-xt>

oo [e]lo kg g [El (ae - )\t)_ El(a)]

[e] =
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where

%=l [Nz] " [02]

a=k [o*]o/x

3
o0
=Ll
EI(X) :/ due_
u
X

with [ e] _ and [O+] o denoting concentrations at the initial time t = 0.
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HIGH ALTITUDE FIREBALL IR EMISSION STUDY

Paul G. Fisher
Mission Research Corporation

The uncertainties associated with high altitude fireball infrared (IR)
emission chemistry and their relation to the overall phenomenology problem
are, as will be discussed, in the light of certain requirements and needs for
various types of DOD defensive systems.
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(*) OPTICAL AND IR EMISSION FROM DISTURBED
E AND F LAYERS (*)

Joan L. Lewis
Science Applications, Inc.

A. W, Ali
Naval Research Laboratory

A review of NRL's effort in the Optical and IR emission calculations is
given with emphasis on all possible sources of radiation. Areas of uncertainty
and relevant reactions are pointed out for future experimental or theoretical
evaluations.

Using NRL's Master Code Optical and IR emission's along a given ray
are calculated for a Spartan burst and the results are discussed.
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OPTICAL AND IR RADIATION FROM PHENOMENOLOGY
RESULTS OF HIGH ALTITUDE NUCLEAR BURSTS

Fllis Hyman
Science Applications, Inc.

A. W. Ali and T. P. Coffey
Naval Research Laboratory

A computer code is developed to calculate the radiant energy incident
on arbitrarily placed cameras or sensors following high altitude nuclear
bursts. It utilizes the results of NRL's hydrocodes. Thus the calculated
time-dependent irradiances are directly tied to phenomenological outputs.
The irradiance contours give both space and time resolution of the high
altitude event in specified wavelength bands (3800131 - 50u). The emission
processes included are line, band, free-free, free-bound, bound-bound,
chemiluminescence, etc. transitions arising from dominant and minor
atmospheric species and their ions.

Using NRL's hydrocode results for CHECKMATE calculations, contour
plots are exhibited and some preliminary comparisons to CHECKMATE
optical data are made.
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UNCERTAINTIES IN THE FORMATION OF METAL OXIDES FROM
DEBRIS DEPOSITED IN THE E-REGION BY HIGH ALTITUDE
NUCLEAR EXPLOSIONS

A. Kaufman
Mission Research Corporation

The problem of metal oxide formation from debris which escapes the burst
region in a Zinn loss cone is considered. In particular, an attempt is made to
estimate horizontal column densities of AlO or AlIO~ which may have been formed
as a result of the STARFISH explosion.

The major uncertainty centers around the charge state of the aluminum atoms
when they come to rest. Neutral aluminum may form the oxide via the reaction:

Al +0, - AlIO+0 + .1eV

2

11 cm3/ sec, the oxide can be formed in about

Assuming a rate coefficient of 10~
.3 seconds at deposition altitudes between 102 and 110 km.
Formation of an oxide by the singly charged ion proceeds endothermically:

Alt +0, +3.5eV (c.m.) < AIOT +0

The 3.5 eV in the center of mass system can be supplied by the slowing Al” ions
with energies above 6.5 eV. Friichtenicht has observed that the cross section
for this reaction is about 1 percent of the elastic cross section over a range of
energies centered at 30 eV. Using this information we have estimated that about
.5 percent of the Al+ ions can be converted to AIO+. but. because AIO has a
binding energy of only 1.6 eV, it is likely that some collisional dissociation of
these molecules may occur before thay are brought to rest.

The ratio [ Al] / [Al+ in the beam is determined at the point at which the
mean free path for charge exchange and ionization of Al” and Al. respectively,
become larger than the residual particle range. This happens at velocities under
107 cm/ sec for which there is no data on charge exchange or ionization cross
sections.

Critical column densities of the oxide seem to be around 3 x 1010 molecules
cm2. In STARFISH, column densities of deposited aluminum in excess of 1013
atoms/cm:2 were calculated between 102 and 107 km. Thus formation of only
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small percentages of the oxide can yield critical results. An experiment which
measured metal oxide formation by fast metal ions stopped by thick air targets
would be helpful in reducing the uncertainties cited above.
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CONJUGATE IONIZATION FROM HIGH ALTITUDE X-RAY DEPOSITION

Cullen M. Crain
The Rand Corporation

Warren Knapp
General Electric—TEMPO

A source of significant energy deposition and ionization in the conjugate
region of high altitude nuclear detonations burst above about 100 km is photo-
electrons which are produced by X-ray interactions with the atmosphere in the
burst region and which escape the burst region and travel along the earth's
magnetic field lines to the conjugate region. This phenomena is not, at present,
included in our weapons effects codes. The magnitude and spatial extent of the
energy deposited in the conjugate region--as indicated by the calculations which
have been made and which are presented in the paper--are significant to both
the radio and optical effects areas. Full understanding of observations in the
conjugate region at various altitudes and distances from the conjugate ground
zero require knowledge of all the energy sources which may contribute. Con-
jugate energy sources previously identified and analyzed include fission-debris
betas, fission debris, Compton-betas from prompt and delayed gammas, and
neutron-decay betas and protons. It turns out that for altitudes in the conjugate
region from about 100 and 250 km and at distances equal to the burst horizon at
about a 100 km altitude, the energy deposited in the conjugate region due to
X-ray photoelectrons can be sizably greater than that from any of the other
identified sources. Many examples of the magnitude and extent of the energy
deposition are presented for various burst altitudes, yield and bomb radiating
temperature. In a report to be published soon, the details of the calculation
procedures are given including X-ray deposition parameters, the energy dissi-
pation of the escaping fast electrons, and the time and altitude characteristics
of the energy deposition in the conjugate region. Also, comparative values of
energy deposition from other conjugate sources are presented.

As an example of the results presented, the electron density 600 km from the
conjugate ground zero of a large nuclear burst detonated at 150 km altitude has
a peak value of 106 electrons per cm at an altitude of 120 km. This value greatly
exceeds the ambient day or night electron density in this altitude region and will
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affect radio transmission at frequencies into the VHF band. The energy depo-
sition at 600 km range is approximately that of an intense aurora for about
200 seconds: hence, the optical aspects are expected to be quite significant

but have not been adequately examined in the work to date.
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(*) CHARGE EXCHANGE COUPLING BETWEEN ION
AND NEUTRAL FLUIDS (*)

R. W. Kilb
Mission Research Corporation

In striation analysis or in two fluid MHD simulations of nuclear bursts, the
plasma is represented by a neutral fluid and an ion-electron fluid:

dv = =
0 -
dVl - - - - -
p1"dT‘:'VP1+JXB+p1g+A<VO-V1> (2)

where A V0 = V1> represents the momentum coupling. For example, if oxygen
atoms constitute the neutral fluid and 0" ions compose the ion fluid, then:

A=sp (0) p(0") (3)

where s is the coupling coefficient between O atoms and o ions, and p (O)
and p <O+> are, respectively, the mass densities of oxygen atoms and ions.
If additional species are present in the neutral or ion fluid, then additional
similar terms with appropriate s coefficients must be added to Equation 3.

The coupling coefficient s arises from elastic collisions and from charge
exchange. At temperatures below 1 eV, the elastic collisions are mainly due
to polarization forces with an interaction potential V(r) = ezap/ 2r4. Langevin
(Reference 1) has shown that the polarization coupling Sp is:

e,’41rap g
P 0.505
\Fnlm()(ml + m0>

where m, is the mass of the ion and m, is the mass of the neutral, and ap

S
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is the polarizability of the neutral. Table 1 gives appropriate values of «

(Reference 2). For O and O+. 8, = 1.53 x 1013
3

3 + 2
cm” /gm sec: for Ba

in air, 8= 0.24 x 1013 cm® gm sec.

Table 1. Polarizability of some atoms and molecules.
NEUTRAL | a Gnﬁ) NEUTRAL prmP>
N 11.3 x 10722 NO 18 x 10722
N2 175 Ne 3.96
02 T A 16. 54
02 16.2

However. charge exchange can also lead to substantial transfer of momentum
between the ions and neutrals, especially at T > 0.01 eV for resonant charge
exchange, and at T > 1 eV for nonresonant charge exchange. We approximate
the coupling arising from charge exchange by assuming it is equal to that of
hard spheres with a collision cross section ﬂré equal to 0 where Pon is the
minimum distance of approach of the centers of the hard spheres and T is the
charge-exchange cross section. Using Langevin's result for hard spheres, we

then have for the charge-exchange coupling Sy’

2
m 87kT T

X 0.75

L, 87kT

S =
m, m, <m1 - m0> 0.757 m;mg (ml + m0>

(5)

The total coupling is then given by the sum of the polarization and charge-
exchange coupling (s =s_ + Se)-

D
For the resonant o <O+ il T s N, NO* - NO) we use 40 x 10716 ¢m2
at T =0.01eV, and 15 x 10_16 cm2 at T = 1000 eV. For nonresonant
. (O+ =K. N" =0, 5 0, Nt - Ny etc.> we use 1x 10716 ¢cm? at

— 1eV,and 5 x 1016

approximate total s for the resonant S,

cm at T = 1000 eV. For ionized air plasmas the

and nonr n :
w esonant snorl are then:
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S — [1.5 + (100T)0‘375] x 10 cm3/ gm sec (6)

res

e [1.6 + 0.3T2/3] x 1013 cm3/gm sec (7)

These values are believed to be correct to within a factor of two in the range
0.01 eV <T < 1000 eV.

The above procedure may be checked by comparing with ion mobilities K
in gases because s = e/ mlpoK. Agreement to within 10 percent of the observed
value is found for Ne ™ ions in neon, and for A" ions in argon.
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(*) THE POSSIBLE ROLE OF METASTABLE MINOR CONSTITUENTS
IN THE DISTURBED UPPER ATMOSPHERE ( *)

Henry Miranda
Epsilon Laboratories, Inc.

The existence of noble gas compounds was first established a decade ago with
the successful synthesis of Xe F4 and Xe 03. Since then, other stable compounds
such as Xe F2. Hez. and others have also been reported. Additionally, the likeli-
hood of reactions resulting in the formation of HeO and NeO has been speculated
upon in the literature.

Metastable species are believed to play an important role in the formation of
these molecules, as is evidenced by the fact that a gaseous discharge appears to
be a necessary ingredient for most of these reactions to proceed. This suggests,
that under disturbed upper atmospheric conditions, the excitation of noble gas
metastable atoms by energetic particle deposition might lead to the iormation of
relatively stable molecules. The emission of vibrational relaxation radiation in
the infrared region by these molecules is considered here.

Using an electron impact excitation cross section inferred from available data
for helium and argon, an upper limit emission rate is calculated for such a mole-
cule formed by collisions between some appropriate atmospheric constituent and
argon, the major E-region noble gas constituent. A potential well of about 1V
is taken as a reasonable value, and it is assumed that the molecules are found in
the uppermost possible vibrational level upon formation. For those molecules
whose characteristic vibrational frequency lies in the 10 micron regime, a maxi-
mum of 10 photons can be emitted in cascade for every molecule formed.

Using this model, it is shown that under typical artificially disturbed E-region
conditions, the maximum limb radiance observable by an exoatmospheric sensor
viewing the 90-km level tangentially is about six orders of magnitude greater than
the sensitivity threshold of present state-of-the-art LWIR instrumentation.
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(*) TURBULENCE IN THE UPPER ATMOSPHERE ( *)

Ernest Bauer
Institute for Defense Analysis

The nature and scales of diffusion in the normal atmosphere will be dis-
cussed with reference to the effective diffusivity for different scales of motion.
It will also be indicated in qualitative terms how the characteristics of ambient
turbulence can affect the effective rate of specific chemical reactions.
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MEASURED UPPER ATMOSPHERE
TRANSPORT COEFFICIENTS

Samuel P. Zimmerman
Air Force Cambridge Research Laboratories

The minimum vertical turbulent diffusivity in the upper atmosphere, as
measured during the ALADDIN experiment, is determined from the simulta-
neous measurements of temperature, or density, and the rate of viscous
dissipation of turbulent kinetic energy (€). This diffusivity is approximated by

Vg = Ka1/2 eN™ where VB is the buoyance limited turbulent diffusivity,

a is the one dimensional Kolmogoroff constant,
K is a constant of order unity,

2 =5 <—a—— + l"> is the Brunt-Vaissala frequency,

T is the temperature,

%E is the vertical temperature gradient,
I" is the adiabatic lapse rate,
and g is the gravitational acceleration.

The technique of measurement of the rate of dissipation and its uncertainties,
as well as the derived spatial distribution and amplitude of the vertical turbulent

diffusivity, will be discussed.
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CHEMICAL REACTIONS IN NONHOMOGENEOUSLY
MIXED TURBULENT FLOWS

Coleman duP. Donaldson and G. Hist
Aeronautical Research Associates of Princeton, Inc.

Recently, both theoretical and some experimental studies of turbulent chem-
istry in the atmosphere and in chemical lasers have shown that conventional
methods of computing reactions in such flows can be inadequate. The problem
lies in treating the time-averaged concentrations as though they were mixed on
the molecular level at a temperature equal to the time-averaged temperature.
When chemical reaction rates are fast and turbulent scales are large; a calcu-
lation of this type is valid only after mixing has been complete for some time.

In the present paper, a theoretical approach is developed which will enable one
to compute chemical reactions in nonhomogeneously mixed turbulent flows. With
the aid of the equations developed, the three characteristic times which are
involved in this problem are derived. These times are the residence time, the
reaction time, and the diffusion time. It is shown, that for some turbulent cal-
culations in the atmosphere, conventional chemical techniques are inadequate.

A formula is also derived for the scaling of turbulent flows in devices so that

the rates of reaction are not diffusion-limited.
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SATELLITE STUDIES OF THE DISTURBED D-REGION

J. N. Bradbury, W. L. Imhof, R. G. Johnson, and J. B. Reagan
Lockheed Palo Alto Research Laboratory

Simultaneous satellite measurements of energetic particle fluxes which
precipitate into the D-region and the resulting radio-wave absorption have been
made during a variety of magnetically disturbed conditions in 1971-1972. The
STP-T71-2 polar orbiting satellite at an altitude of about 800 km carries both an
array of particle detectors which provide high spectral and spatial/temporal
resolution of proton, electron, and a-particle fluxes and a multifrequency earth
reflecting ionospheric sounder which yields the radio absorption. Correlation
of the data produces information on the height variation of the D-region electron
loss coefficient during disturbed conditions. The experimental technique will be
described and results presented.
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EFFECTIVE RECOMBINATION COEFFICIENTS AND LUMPED
PARAMETERS IN THE D-REGION DURING
SOLAR PARTICLE EVENTS

James C. Ulwick
Air Force Cambridge Research Laboratories

Rocket and satellite measurements were made during the 2 November 1969
solar particle event of the proton spectra, for the determination of the rate of
ion production, and of the altitude profiles of electron and ion concentrations.
The effective recombination coefficient and the effective positive-ion recombina-
tion coefficient, determined from the measurements for nighttime and daytime
conditions, are compared and discussed. The daytime effective recombination
coefficients obtained over the 3-day period, where the ion production rate
changed by almost 2 orders of magnitude, differ by less than a factor ot two.
Variations of the coefficients with solar zenith angle for both sunrise and sunset
are shown. Lumped parameters are derived and compared to parameters
derived from the output of the Keneshea code which preserves the detailed
chemistry.
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APPLICATIONS OF VLF/ELF TECHNIQUES TO EVALUATION
OF IONOSPHERIC DISTURBANCES

V. Hildebrand
Naval Electronic Laboratory Center

Wideband VLF/ ELF propagation measurements provide a good means for
evaluating methods for modeling ionosphere parameters used in communications
coverage prediction calculations. Highlights of ongoing investigation are pre-
sented. Also examples of significant problem areas are described in order to
illuminate requirements for further investigation.
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D AND E REGION COMPOSITION AND CHEMISTRY

R. S. Narcissi
Air Force Cambridge Research Laboratories

A fast reaction which can convert NO+ to water-cluster ions is being sought
to explain the quiescent D region. Ion composition measurements during a total
solar eclipse have given evidence for the existence of such a reaction. although
the actual process could not be determined. The large electron loss rates
observed near 87 km during an eclipse and near sunset are presently unexplained
and indicate the need for new and more efficient electron attachment mechanisms.
A maximum concentration of heavy negative ions is measured in a layer centered
near 87 km. These and other observations have led to the suggestion that water
containing conglomerates are playing an important role in determining both the
positive and negative ion composition in the D region. The reaction.

NO'E <H20>x — H+<H20>y + products, where E is a binding embryo. has been
proposed as a possible solution to the D region positive-ion composition problem.
At the same time, these conglomerates may be the efficient bodies for electron
attachment. Smaller concentrations of other species are found in the D region.
A group of ions identified as sulfur, its oxides and possible acids is being con-
sistently measured. Ion species which could be identified as NO3— and its
hydrate have also been measured. In view of the current interest of metal oxide
chemistry an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>