Tonospheric Sporadic E:
Cause and Structure

The second seminar on the Cause
and Structure of Temperate Latitude
Sporadic E was held at Vail, Colorado,
19-22 June 1968. (The first seminar was
held in Estes Park, Colorado, in 1965.)
The seminar was again hosted by the
Environmental Science Services Admin-
istration and the National Center for
Atmospheric Research, and was addi-
tionally supported by the Voice of
America.

Participation in the seminar was by
invitation; approxmately 40 scientists
from Australia, Canada, Germany,
Japan, and the United States attended.

Topics and reviewers of the major
sessions were as follows: Prediction
and Morphology (K. Rawer, Iono-
sphiren Institut, Breisach, F. R. Ger-
many); Structure: Radio Measurements
(J. D. Whitehead, University of Queens-
land, Brisbane, Australia); Structure:
Rocket Observations (L. G. Smith, GCA
Corporation, Bedford, Massachusetts);
Composition and the Role of Metallic
Jons: Rocket Observations (C. Y. John-
son, Naval Research Laboratory, Wash-
ington, D.C.); Composition and the
Role of Metallic Ions: Laboratory Mea-
surements (E. E. Ferguson, ESSA, Re-
search Laboratories, Boulder, Colorado);
Wind and Sporadic E (N. W. Rosenberg,
AFCRIL, Bedford, Massachusetts); and
Theory of the Cause (W. I. Axford, Uni-
versity of California, La Jolla).

The final session was devoted to an
assessment of the field and the formula-
tion of future plans. Whitehead, Rawer,
and D. R. Layzer (Harvard) led this
session. ,

In an effort to describe the behavior
of the most striking cases of sporadic
E, “intense sporadic E” (foEs greater
than 10 or 15 Mhz, where foEs is the
ordinary ray critical frequency of Es)
has been examined in terms of its sea-
sonal, diurnal, and geographic varia-
tions; geomagnetic correlation; and year-
to-year variability. Various mechanisms
that have been proposed as causes of
sporadic E are then rated in terms of
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their ability to explain the observed
statistics. It appears probable that a
series of boundary conditions need to
be fulfilled to produce intense sporadic
E.

To make a significant contribution
to the understanding of the formation
of Es layers or blobs, the choice of
fbEs (the blanketing frequency of Es)
was also emphasized, and various mor-
phological features of blanketing Es
have been analyzed. First, diurnal, sca-
sonal, latitudinal, and longitudinal vari-
ations on a global scale have been ob-
tained, and then significant solar-cycle
effects on blanketing Es have been es-
tablished. Geomagnetic storm effects
on blanketing Es and geomagnetic vari-
ations associated with blanketing Es
formation have also been examined.

The viewpoint that the Es phenome-
non depends on ambient ionization and
wind shear has been adopted, and “syn-
thetic” wind shears have been computed
from the fbEs data. A correlation be-
tween these wind shears and the sun-
spot number is then found. One of the
most interesting findings is a certain
relation with the electric field produced
by the magnetic Sq and L variations.

World numerical maps of lower
decile, median, and upper decile values
of the monthly distributions of foEs
have been prepared for all 12 months
of both a solar-cycle-maximum and a
solar-cycle-minimum year for use in
estimating the effects of Es on propaga-
tion. The fbEs maps used in conjunc-
tion with the foEs maps provide a
system for calculating frequencies which
may be propagated by reflection from
the sporadic-E layer. Sample contour
maps of both foEs and fbEs are shown,
as well as sample calculations of Es
MUF (maximum usable frequency).
Comparisons have been made with the
charts of percentage of occurrence
of foEs and fbEs developed by the
U.S.S.R. Academy of Sciences.

The most obvious comment is that the
radio measurements imply, according to
theory, considerable irregularity of hori-
zontal structure in sporadic E whereas
the rocket measurements, which at most

make two passes through the sporadic-E
cloud, indicate little horizontal irregular-
ity. A possible model for sporadic E
consists of a collection of ionized
clouds, the whole collection extending
for several hundred kilometers, but with
the individual clouds being perhaps only
tens of kilometers in horizontal extent.
However, the radio measurements show
that the structure varies greatly from
time to time, so that the model is
variable.

Radio techniques now being devel-
oped should assist in determining the
more detailed structure, including the
thickness of sporadic-E layers. Also, it
is possible to measure both horizontal
and vertical movements by radio tech-
niques. The question as to whether
partial reflection occurs from small
over-dense clouds or irregular vertical
under-dense structure will remain open,
at least until a full wave solution is
calculated for the under-dense structure,
or until a rocket passes through a small
over-dense cloud (the chances may be
only 1 percent of any rocket doing
this).

Rocket-borne probes give a profile
of electron or positive ion density along
the trajectory of the vehicle. In practice,
then, the profiles of sporadic E are
nearly vertical in one dimension. A large
number of vertical profiles of sporadic-E
layers have now been accumulated, and
many are available in the literature.
These range from the nearly triangular
shape of small daytime and most night-
time layers to the rectangular shape of
intense daytime layers. Few cases of the
latter have been observed and it would
be desirable to have more examples.

In order to overcome the limitation
relative to horizontal variation that can
be obtained from a single probe, launch-
ing several probes on slightly different
trajectories from a single rocket has
been suggested. These probes would
pass through the layer simultaneously
but with horizontal separations deter-
mined by the ejection mechanism. Sepa-
rations of 1 km on the downleg of
the trajectory could be easily accom-
plished. However, the principal diffi-
culty that can be expected is that of
determining the relative positions of
the probes with sufficient accuracy.

The relation between the rocket ob-
servations and the various radio tech-
niques is not yet clear. The physical
property of the sporadic-E layers which
gives rise to the nonblanketing echo
on the ionosonde is probably the most
important unresolved problem.

Data from the planar ion trap and the
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radio-frequency ion mass spectrometer
after two Aerobee rocket flights that tra-
versed sporadic-E layers above White
Sands, New Mexico, were presented.
On the ascent during the first flight a
minimum in the ion distribution, a fac-
tor of 5 below the ambient density in
the region, was observed between two
secondary maxima. Ion mass spectra
taken when the rocket was within the
Es layers showed it to be composed of
atomic metallic ions of Na, Mg, Si, Ca,
and Fe. Magnesium was the dominant
ion detected in the mass spectra. Nei-
ther nitric oxide nor molecular oxygen
jons were observed within the Es layer.
The second flight recorded a weak Es
layer. As before, Mg, Ca, and Fe ions
were observed within the Es layer. Iron
and magnesium ions were observed in
and below but not above this layer.
Nitric oxide ions were detected in the
peak density region of this weak layer.

Metallic ions in the D and E regions
were also detected by cryogenically
pumped, quadrupole ion mass spectrom-
eters aboard six rockets; they were
launched during and after the 1965
Leonid meteor shower, at sunrise and
sunset from Eglin AFB, and during the
1966 solar eclipse in Brazil. Every
rocket flight that observed Es events
detected metallic ions within the Es
layer and, depending on the strength of
the layer, observed a decrease in the
molecular ion density. However, the
converse is not true that the presence of
metallic ions does not necessarily indi-
cate an Es layer. Based on these rocket
observations, the roles of charge transfer
between the molecular ions and metallic
atoms and of vertical neutral wind
convergence in the formation and main-
tenance of metallic ion layers were dis-
cussed, but the group did not arrive
at a definitive conclusion.

Atomic recombination  processes
which can liberate free metal atoms
from solid surfaces of certain metallic
compounds may play a role in liberating
metallic atoms from dust layers in the
ionosphere. Experiments involving the
bombardment of solid films of Na,SO,
and other sodium salt by-products from
a nitrogen discharge suggest that atom-
ic or molecular excited species in the at-
mosphere may fulfill this role.

Recently available reaction rate mea-
surements on atmospheric metal ion
and metal oxide ion reactions indicate
that chemical ion (and therefore elec-
tron) loss is not significant for the
metallic ion sporadic-E layers in the
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On the whole, there is substantial
agreement about the processes which
lead to the production of temperate-
zone sporadic E—that is, the layers are
produced by the wind-shear mechanism
and are composed mostly of long-lived
metallic ions except possibly at higher
altitudes when molecular ions can be
involved. Most of the discussion there-
fore was concerned with refinements of
the wind-shear theory and with the
special problems associated with the
production and loss of metallic ions.

Calculations of the loss rate of metal-
lic ions into the D region due to the
“corkscrew” mechanism showed that
difficulties arise unless the sweeping
effect is inhibited by the presence of
standing waves. The main problem is
that the density of metallic atoms pres-
ent in the E region must be sufficient to
allow ions to be produced at a rate
comparable to the loss due to the “cork-
screw” mechanism, and also be highly
variable in order to account for the
nighttime variations of fbEs.

The “corkscrew” mechanism shows
that Es layers formed of long-lived ions
can be expected to follow nodes in the
effective neutral wind profile down to
altitudes less than about 100 km. At
lower altitudes the process fails quite
suddenly at the point where the vertical
ionization drift velocity and the descend-
ing phase velocity of the neutral wind
profile become comparable.

It must be remembered that molecular
ions can also play a role at higher al-
titudes ( > 120 km) where the vertical
drift speeds of the ions can be quite
large. Numerical solutions for the for-
mation (by the wind-shear mechanism)
of Es layers comprised of molecular ions
showed that a uniform electric polariza-
tion field affects the rate of growth,
movement, equilibrium, position, and
maximum density. Particular attention
was paid to the effects that might be
produced by abrupt changes in the neu-
tral gas, that is, gravity “shocks,” and
by electric polarization fields. Kinks in
the ionization drift-velocity profile could
lead to the flat-topped Es layers some-
times observed. The characteristic varia-
tions of Es occurrence according to
season, time of day, and geomagnetic
activity might somehow be accounted
for by variations in the electric polariza-
tion field.

Concerning the effects of gravity
waves, the vertical motion and the as-
sociated variations in density and tem-
perature of the neutral gas can produce
weak Es layers due to the resulting
changes in the ionization production and

1 NOVEMBER 1968

Computer Performance;
Calculator Price.

WANG 380

640 Program Steps
24 Storage Registers
LOGaX, €5 X5, ¥, = + — X, =+
Performs Subroutines, Loops,
Branches, Makes Decisions.

$3795.

No special programming language needed. The
Wang 380 learns programs directly from keyboard

 operations and stores them on plug-in magnetic tape
cartridges.

You can tailor system capability to your exact needs
with compatible accessories including:

Output Writer, CRT Display, additional Data Storage,
Teletype, Trig Pack, and On-line Interface.

There is nothing comparable, anywhere.

&=WANG

LABORATORIES, INC.
Dept. 11Q, 836 North St., Tewksbury, Massachusetts 01876 ¢ Tel. 617 851-7311
Call today for immediate trial:

(703; 931-7878

201) 2410250 (216) 333-6611 (313) 278-4744 (416) 364-0327 (604) 685-2835 8-0275
203) 223-7588 (301) 588-3711 (314) 727-0256 (504) 729-6858 (612) 881-5324 (714) 234-5651
205) 595-0694 1) 821-8212 (317) 631-0909 gOS 255-9042 (613) 224-4554 (716) 381-5440
206) 622-2466 364-7361 (403) 266-1804 (512) 454-4324 (614) 488-9753 (717) 397-3212
212) 682-5921 344-9431 (404) 457-6441 (513) 531-2729 (615) 588-5731 05 962-6112
13) 278-3232 564-3785 5 2~7882 (514) 482-0737 (617) 851-7311 1) 272-7488
214) 361-4351 841-3691 (518) 463-8877 (702) 322-4692 (916) 489-7326
215) 642-4321 (312) 889-2254 415) 454-4140 (502) 265-8747 (703) 877-5535 (919) 288-1695

Circle No. 30 on Readers’ Service Card
595



Hamilton Company, P.O. Box 307-K, Whittier, Calif. 90608
Circle No. 82 on Readers’ Service Card

Hairtoday
(Gone tomorrow

One day last year, in a CD8®-1
litter, we discovered our first
hairless mouse. A spontaneous
mutation.

Our Charles River technicians,
through careful selective
breeding, were successful in
reproducing the strain. Now
the hairless mouse is here

to stay,

These mice are COBS®
(Caesarean-Originated, Barrier-
Sustained) and germfree.
They're raised under the same
strict controls as all Charles
River animals. And in areas
such as irradiation studies,
dermatology and cosmetics,
these hairless mice could be
invaluable..

At Charles River we-never stop
researching new breeds. What
might seem impossible today,
may be here tomorrow.
Charles River Breedin% »
Laboratories, Inc., Wilmington,
Massachusetts. 01887,

Atopical example.

Charles River <) i
BREEDING LABORATORIES, INC. 70 RESEARCH

596 Circle No. 79 on Readers’ Service Card

loss rates, as well as by the redistribu-
tion processes usually considered in the
wind-shear theory. The electron tem-
perature in the E region and in Es layers
can be noticeably affected by variations
of the neutral temperature associated
with gravity waves. :

Papers on the formation of small-
scale irregularities of ionization by the
so-called “crossed-field” instability pro-
duced considerable argument, mainly
concerning the appropriate boundary
conditions and the shape of the initial
perturbation to be used in the analysis.
One linearized treatment of the problem
appeared to show that the configuration
adopted was quite stable, whereas a
non-linear treatment using different
initial conditions showed the explosive
development of plasma turbulence after
some tens of seconds. A considerable
amount of further study of this prob-
lem is obviously required.

Metallic ions seem to play an impor-
tant role in Es at heights lower than
about 110 km, but molecular ions are
important for Es at higher levels. Since
the electric polarization fields play an
important role in the rate of Es growth,
position, and maximum density, a future
investigation of this field together with
a detailed theoretical attack on the
field’s effect on Es is very desirable.
Rocket observations should be conduct-
ed simultaneously at close horizontal
spacing with more accurate height reso-
lution. In addition to measurements of
ionization density and composition, it
is necessary to measure other param-
eters such as ion temperature, neutral
density, and magnetic field in the vicin-
ity of Es blobs. Upper atmosphere wind
observations during the daytime and
measurements of the vertical wind are
required. The character of tidal oscilla-
tions should also be examined.

In summary, the very complex phe-
nomenon of Es needs to be attacked
with a combination of all possible
methods in a well-organized form, par-
ticularly with better coordination of
rocket and ground-based experiments
and with cooperation between different
groups and disciplines. .

The proceedings of the seminar were
distributed in October 1968. Those who
wish to obtain a copy are advised to
contact Mrs. Mary Landers, ESSA,
R60, Boulder, Colorado 80302.

S. MATSUSHITA
E. K. SMITH
National Center for Atmospheric
Research and Environmental Science
Services Administration, Boulder,
Colorado 80302
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