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OUR OUTERMOST ATMOSPHERE
Examining Some Mysteries

By Neil M. Brice

Our atmosphere consists of many re-
gions at different altitudes. The region
nearest the surface, the troposphere,
contains the air we breathe and is
therefore of greatest interest to most of
us, while the stratosphere has increas-
ing significance as the domain of the
supersonic transport. Few of us, except
for astronauts, ever expect to venture
beyond the stratosphere but the study
of our outer regions, the mesosphere.
ionosphere, magnetosphere, thermo-
sphere, and exosphere, is important for
several reasons.

One reason is that the atmosphere is
a system with each part influenced by
neighboring regions: no single part of
the atmosphere can be understood if
studied in isolation from the rest.
Another reason is that the study of the
outer atmosphere is an excellent means
of teaching students how to approach
problem solving in multiple, complex,
interrelated, and interacting systems, for
the outer atmosphere is extremely com-
plex. Its study requires a broad inter-
disciplinary outlook involving basic
physics, chemistry, and mathematics,
as well as meteorology, plasma physics,

and specific engineering skills such as
data processing and instrumentation
techniques. i

Finally, a most practical reason is
that the outer atmosphere is of great |
importance in radio and radar com-
munication and in the broad field of
airborne instrumentation, including bal-
loons, rockets, and satellites. Marconi's
first long-distance radio messages were
received after reflection from the iono-
sphere, a region capable of reflecting
radio waves because of the presence of
ionized particles; and while most of our
future long-distance communication
will be via satellite, the ionosphere will
continue to play an important role,
especially at high latitudes where satel-
lite communication systems are not
feasible. Beyond the ionosphere is the
magnetosphere, containing the Van
Allen radiation belts. Energetic parti-
cles in this region precipitating into the
polar atmosphere produce the brilliant
and beautiful aurora; they also cause
irregularities in ionization which result
in radio "blackouts" and in "clutter,"
or interference, on surveillance radar
screens.



It is known that such communica-
tions disruptions are associated with
periodic surges of activity which
envelop the whole magnetosphere.
These magnetospheric substorms, as
they were first termed by the author,
are now the subject of intensive study.
Research in this area is complex, as it
involves measurements of many kinds
of activity (magnetic, auroral, radio,
etc.) in many different locations, both
near the earth and at great distances.

RECENT KNOWLEDGE
OF THE OUTERMOST SPACE

How have the discoveries of the space
age changed our ideas about the outer
atmosphere?

Our knowledge of the outermost
atmosphere began to expand rapidly
a little over a decade ago. There were
two principal driving forces for the
expansion: one was the mass of obser-
vational data gathered from ground-
based systems during the International
Geophysical Year (1957-58), and the
other was information obtained from
satellites. Ever since they were first
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"There is a continuous outward flow of plasma from
the sun called the solar wind. . . consisting of
protons and electrons flowing at a supersonic speed. . .
Upwind from the earth a bow shock is formed where
the solar wind encounters the earth's magnetic field."

launched in 1957, satellites have pro-
vided invaluable in situ measurements;
perhaps more importantly, they focused
attention on the near-earth environment
as they launched the world into the
space age. The change in our under-
standing of the outer atmosphere is
illustrated in figures 1 and 2.

Figure 1 shows our "pre-space age"
concept: the magnetic field lines from
the earth's dipole field were believed to
extend indefinitely into the "vacuum"
of interplanetary space. It was known
that at the point of maximum ionic
density, about 300 kilometers above the
surface of the earth, there are about
106 electrons per cubic centimeter
(compared to a density of about 1019

particles per cubic centimeter at the
earth's surface). It was believed that
above this level of maximum ionization,
the density of electrons decreased by a
factor of ten every few hundred kilo-
meters, so that by about one earth
radius (RE = 6,370 Km) above the
surface, a near-perfect vacuum should
be found.

In retrospect it is easy to pinpoint the
few early indications that the idea illus-

trated in figure 1 might not be correct.
One indication was the lack of a satis-
factory explanation for the polar
aurora. Although the aurora was known
to be a result of bombardment of the
atmosphere at altitudes of about sixty
to eighty miles by energetic particles
whose source was the sun, the method
of entry of these particles into the
atmosphere was not known—that is,
ideas then current were vague and have
since been found incorrect.

A striking piece of evidence sug-
gesting the inadequacy of the early con-
cept was presented in 1954 by Owen
Storey at Cambridge, England. He
deduced that at a distance of four earth
radii (three RE above the earth's sur-
face) there is an electron density of 400
per cubic centimeter rather than the
near vacuum implied by the figure 1
theory. Storey's deductions were based
on recordings of whistlers, which are
gliding musical tones in the audio-fre-
quency range that can be picked up by
sensitive receivers. Whistlers originate
in lightning discharges as low-frequency
pulses of electromagnetic radiation, and
they are propagated for great distances

with considerable frequency dispersion.
Storey postulated that the whistlers fol-
low the earth's magnetic field lines from
one hemisphere to the other, passing
through distant regions of the iono-
sphere, and from the propagation time
he was able to calculate electron density
at large distances from the earth. It is
rumored that Storey's research super-
visor was reluctant to publish the elec-
tron density figures, but was persuaded
by the appearance of a report, later
found to be erroneous, of a density of
600 electrons per cubic centimeter in
the solar atmosphere surrounding the
earth.

While there were these early hints
that some pre-space age theories were
incorrect, there was little indication of
the actual complexity in structure and
dynamics of the outer atmosphere. Dur-
ing the first decade of the space age,
exploratory scientific measurements
produced many new and exciting re-
sults, and the structure of the outermost
atmosphere became known, if not
understood. A sketch illustrating our
present knowledge of the upper atmos-
phere is shown in figure 2.
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Figure 1. SIMPLE DIPOLE MODEL OF EARTH'S MAGNETIC FIELD,
REPRESENTING EARLIER UNDERSTANDING

STRUCTURE OF THE
UPPER ATMOSPHERE

What happens when the supersonic
solar wind hits the earth's magnetic
field?

There is a continuous outward flow
of plasma from the sun called the solar
wind. This wind, consisting of protons
and electrons flowing at a supersonic
speed, has parameters that are quite
variable, but on the average they are a
particle density of about five per cubic
centimeter, a bulk velocity of about 300

kilometers per second, and a kinetic
temperature of about 100,000° K.

Upwind from the earth a bow shock
is formed where the solar wind
encounters the earth's magnetic field.
Behind the shock, a large part of the
solar wind velocity is converted into
randomized motion, so that the bulk
flow velocity is lower but the density
and temperature are higher. A few earth
radii behind the shock is the magneto-
pause, which marks the effective termi-
nation of the earth's magnetic field. The
cavity carved out of the solar wind by

the earth's magnetic field is similar in
shape to that of a comet, with a blunt
bow at about 60,000 kilometers and a
long tail extending up to 1,000,000
kilometers downwind.

Inside the magnetopause, there are
a number of distinct regions, primarily
defined by the distinction between
"open" and "closed" magnetic field
lines. On the day side there is a neutral
point which marks a bifurcation of
field lines between those which close
on the day side of the earth and those
which extend into the tail. In the tail,
a neutral sheet separates the open mag-
netic field lines which are directed
toward the earth and connected to the
Northern Polar Cap, from those which
are directed away from the earth and
connected to the Southern Polar Cap.

SOLAR WIND AND POLAR WIND

How does material of solar origin enter
our atmosphere, and how does terres-
trial matter escape?

There is a flow of plasma out from
the earth along the open magnetic field
lines which extend into the tail. It has
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Figure 2. "DOUGHNUT AND TAIL' MODEL OF THE EARTH'S MAGNETIC FIELD,
representing present concepts after a decade of observations in space. The dot marked "MOON" indicates rela-
tive distance at which the moon's orbit intersects plane of view. The view plane contains the Sun-Earth line and
the geomagnetic axis.

been postulated that this flow may
become supersonic, and it has been
dubbed the polar wind to emphasize its
analogy with the solar wind flow away
from the sun.

Most of the solar wind plasma flows
around the magnetopause, but there is
evidence that some enters the terrestrial
atmosphere. Most of this appears to
penetrate into the open-field tail region
of the magnetosphere. There is also re-
cent evidence that some plasma enters
the magnetosphere directly at the neu-
tral points on the day side (see figure

2), and flows down the magnetic field
lines until it hits the atmosphere on the
day side in the polar-cap region.

Within the closed-field region, at a
distance of about four RE at the equa-
tor, there is a very sharp decrease in
plasma density called the plasmapause.
Just inside the plasmapause, the den-
sity is about 400 electrons per cubic
centimeter at the equator, in excellent
agreement with Storey's early estimate
referred to previously. Just outside the
plasmapause, in the plasma trough re-
gion, the density may be one to three

orders of magnitude less.
Present theories suggest that the

plasmapause represents the outer
boundary of the terrestrial atmosphere,
and that between the plasmapause and
the magnetopause the plasma is pri-
marily of solar origin. If the solar wind
plasma enters primarily in the open-
field region, it does not have direct
access to the closed-field region out-
side the plasmapause, and can enter
this region only as a result of large-
scale motion occurring in the magneto-
sphere.



". . . an instability develops, and most of
the (energized solar) particles are 'dumped'
into the atmosphere, producing the brilliant
auroras in the hours near midnight."

DYNAMICS IN THE
MAGNETOSPHERE
What kind of motion is there in the
upper atmosphere? How is it related to
the tremendous energy of the solar
wind, and how do we see its effects?

While the magnetopause—the bound-
ary between the earth's magnetic field
and the solar wind—is generally well
defined, there is some interaction across
the boundary, with transfer of energy
and momentum from the solar wind to
the magnetosphere. The total solar wind
energy incident on the magnetosphere
is a few times 1012 watts, about the
same amount of power as the total
world production of electricity. Of this
incident energy, about one percent pen-
etrates the boundary and is dissipated
in the upper atmosphere. Roughly half
of this dissipation is in the form of
ohmic heat produced by the flow of
large currents in the lower ionosphere.
The other half occurs through bom-
bardment of the upper atmosphere by
energetic particles from the radiation
belts, a bombardment that produces the
auroras and the radio blackouts men-
tioned earlier.

The interaction across the boundary
can be thought of as a frictional drag
by the solar wind on the boundary, pro-
ducing a backward flow (toward the
tail) in the magnetospheric region near
the boundary. There is a compensating
forward flow in the interior of the mag-
netosphere, and the result is a large-
scale circulation of the magnetosphere.
At large distances from the earth (that
is, beyond the plasmapause) this is the
dominant motion. Closer to the earth,
the flow is dominated by the drag
between the neutral atmosphere and the
ionosphere, a drag which tends to make
the magnetosphere co-rotate with the
earth. The combination of the solar
wind driven "convective" flow and the
co-rotational flow produces in the equa-
torial plane a flow pattern as shown in
figure 3.

The plasmapause referred to earlier
is the boundary between the flow lines
which close within the body of the mag-
netosphere and those which close in the
solar wind and in the tail. Since mag-
netic field lines in the tail region are
open, terrestrial plasma on them is car-
ried off by the polar wind. This terres-

trial plasma is replaced by lower density
but much higher energy plasma from
the solar wind. During the flow toward
the earth on the night side, energetic
particles (with energies of about one
kilovolt or 107 degrees K) encounter
closed magnetic field lines, and a sig-
nificant number of them become
trapped. As the flow toward the earth
continues, this solar plasma becomes
further energized, and at a distance
of six or seven RE, the particles reach
energies of several kilovolts. At this
point an instability develops, and most
of the particles are "dumped" into the
atmosphere, producing brilliant auro-
ras in the hours near midnight. Some
particles are not dumped, but are
injected into the outer Van Allen radi-
ation belt.

The region which has the highest
density of energetic particles on the
night side is called the plasma sheet
(see figure 2) . As a result of the insta-
bility and the consequent loss of par-
ticles into the atmosphere, there is
created a density minimum, called the
plasma trough, between the plasma
sheet and the plasmapause. The density



"Understanding the
substorm represents

the key problem
facing scientists who
study the outermost

atmosphere."

in this region is lower—and can be
much lower—than the density in the
solar wind.

THE MYSTERY OF THE
NIGHT-TIME AURORA

How can a near-vacuum exist between
higher-density layers? What is the in-
stability that produces magnetospheric
substorms?

The instability which produces the
nighttime aurora is not understood, and
it appears to hold the key to solution
of many questions about the physics of
the magnetosphere. Although "nature
abhors a vacuum," this instability pro-
duces a near-vacuum region between
the more dense terrestrial atmosphere
inside the plasmapause and the solar
atmosphere in the plasma sheet re-
gion. As if this were not sufficiently
bewildering, it has recently been real-
ized that the flow process is not smooth
and steady, but intermittent.

The sequence of events in this flow
process is not completely known, but
appears to be as follows. The inner
edge of the plasma sheet approaches
the earth from the tail, filling the region
beyond about 40,000 kilometers on the
night side with energetic particles. At
some subsequent time, an instability
develops, and this erodes the plasma
sheet from the inside out—that is, the
particles at six RK precipitate first, fol-
lowed by the ones at successively
greater distances. This process produces
a brilliant aurora which is initially at
about 65° latitude and then appears at
higher latitudes as the erosion process
proceeds outward. This is accompanied
by substantial injection of energetic par-
ticles into the outer Van Allen radiation
belt, with enhanced electric fields and

plasma flow closer to the earth (extend-
ing inside the plasmapause), and with
energization and precipitation of parti-
cles previously trapped in the radiation
belts. Trapped electrons are energized
and ejected into the atmosphere in the
morning hours, so that radio blackouts
at 10 A.M. at one location occur simul-
taneously with brilliant auroras near
midnight at some other location.

These activities, which envelop the
whole magnetosphere, occur in surges
called magnetospheric substorms which
last about an hour and repeat on the
average about every three hours.
Understanding the substorm represents
the key problem facing scientists who
study the outermost atmosphere.

VERY RECENT DEVELOPMENTS
IN SUBSTORM RESEARCH

How can radio blackouts be explained?
Would it be possible to control the
phenomenon?

One of the most recent events in
upper atmospheric research is the
explanation, by the author, of the
plasma instability that is responsible
for the precipitation of energetic elec-
trons in the late morning hours and the
consequent radio blackouts. The "hot"
plasma (consisting of energetic elec-
trons and protons) injected into the
radiation belts near midnight is initially
stable. However, after the lower atmos-
phere becomes sunlit (at dawn), there
is a flow of relatively "cold" plasma up
from the ionosphere along magnetic
field lines out into the magnetosphere.
The resulting mixture of hot and cold
plasma is unstable, and the instability
causes the energetic electrons to pre-
cipitate into the atmosphere below.
Because of their presence, radio waves
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Figure 3. A DIAGRAM SHOWING THE FLOW PATTERN OF PLASMA IN THE MAGNETOSPHERE.
The pattern results from two main forces. Beyond the plasmapause, the dominant motion is a wide-scale circulation caused by the "frictional
drag" of the solar wind along the magnetopause. Within the plasmapause, the dominant motion is in the direction of the earth's rotation;
it is brought about by the "frictional drag" between the ionosphere and the neutral atmosphere.

are absorbed rather than reflected: a
radio blackout occurs.

A related development is a sugges-
tion recently made by the author that
substorms might be seeded by artificial
injection of cold plasma. This idea has
aroused considerable interest, and fea-
sibility studies of the required technol-
ogy have already been proposed.

The idea is based on theoretical cal-
culations which show that the intense
fluxes of energetic particles injected
from the tail region near midnight can
be stable only if essentially all of the

cold plasma in the region has been
removed by the polar wind process.
It follows that, if a small amount of cold
plasma were added artificially, an un-
stable hot and cold plasma mixture
would be produced. Thus the dense
"clouds" of energetic particles near
midnight can, in principle, be "seeded"
by injection of modest amounts of cold
plasma, causing these energetic particles
to precipitate into the atmosphere and
produce the aurora. Calculations indi-
cate that about one kilogram (2.2
pounds) of ionized hydrogen could

"switch on" the "northern lights" over
an area about fifty miles square.

There is the added possibility that
the production of intense particle pre-
cipitation in one region might trigger
the complete magnetospheric substorm
process. If this did, in fact, occur, it
would open the way for partial control
of the occurrence of radar clutter, radio
blackouts, auroras, and other phenom-
ena associated with substorms. This
would have enormous practical signifi-
cance; for example, it would lead to
greatly improved reliability of high lati-



tude radio communication circuits.
The state of progress in upper atmos-

pheric research may be assessed in
terms of the four phases of scien-
tific development—exploration, map-
ping, comprehension, and exploitation.
(Exploitation does not always wait for
comprehension, as some of our pollu-
tion problems attest.) Although signifi-
cant exploration of the outermost at-
mosphere began a mere thirteen years
ago, rapid progress toward comprehen-
sion and perhaps exploitation are al-
ready being made.

Above: Professor Brice discusses upper
atmospheric research with freshmen in
one of a series of short introductory
courses designed to introduce students to
various fields of engineering.

Neil M. Brice is associate professor of
electrical engineering at Cornell Univer-
sity. During the current academic year he
is serving as director of the solar-terres-
trial physics program in the atmospheric
sciences section of the National Science
Foundation in Washington, D.C.

A native of Brisbane, Australia, Profes-
sor Brice received his Bachelor of Science
and Master of Science degrees in physics
in 1954 and 1959, respectively, from the
University of Queensland, where he also
served as a teaching fellow from 1955
through 1958. He received his Doctor of
Philosophy degree in electrical engineering
from Stanford University in 1965.

Before joining the Cornell faculty in
1966, he was assistant professor for two
years at Carle ton University, Ottawa,
Canada.

Professor Brice has participated in
three Antarctic expeditions. The first of
these was part of the scientific activities of
the International Geophysical Year
(1957—58). Subsequently, Professor Brice
participated in two summer field expedi-
tions which carried out radio noise sur-
veys on the Antarctic mainland. In rec-
ognition of his contributions on these
expeditions, an Antarctic mountain was
named "M/. Brice" by the United States
Board of Geographic Names.

Author of more than forty papers on
upper atmospheric phenomena. Professor
Brice is a member of the American Geo-
physical Union, the Institute of Electrical
and Electronics Engineers, and the Amer-
ican Association for the Advancement of
Science. 10



INCOHERENT SCATTERING
Radar Experiments in the Ionosphere

By Donald 7. Farley

11

An enormously powerful diagnostic
tool for probing the upper atmosphere
was outlined twelve years ago in a collo-
quium at the Cornell University School
of Electrical Engineering. At this semi-
nar William E. Gordon, who is now
vice president and dean of engineer-
ing at Rice University and was then on
the Cornell faculty, pointed out the pos-
sibility of using radar to study the prop-
erties of the upper atmosphere. Unlikely
as it might seem, he said, it would be
possible for radar equipment then avail-
able to detect "incoherent scattering"
from the ionosphere. The "incoherent
scattering" would occur when free elec-
trons acquired energy from transmitted
radar impulses, and then reradiated it
in random directions. To be sure, Gor-
don indicated, the required transmitter
power would be measured in megawatts
and the antenna area in acres, but
everything necessary was within the
state of the art.

This talk and the subsequent pub-
lished paper led to the development and
use of incoherent scattering measure-
ments, an area in which Cornell held
an early "monopoly." Gordon's pre-

dictions were the impetus for the first
experiments which were carried out
soon afterward by Kenneth Bowles,
who had received his Ph.D. from Cor-
nell a few years before. Bowles used an
existing transmitter located in Illinois
and a simple but large vertically di-
rected antenna which was constructed
within a few weeks by John Ewanicki,
Cornell's expert in tree care and re-
moval, at a fraction of the cost esti-
mated by antenna construction firms.
Although the early measurements were
crude, they did show that this experi-
mental technique was feasible and
promising.

THE MAJOR RADAR
OBSERVATORIES

This initial facility has been super-
seded by several major observatories
which devote a substantial amount of
time and effort to measurements of
incoherent scattering. The two largest
are at Jicamarca in Peru and at Arecibo
in Puerto Rico. (See pages 14 and 16.)
Bowles directed the construction of the
Jicamarca Radio Observatory, which is



Right: A schematic representation of the
incoherent scatter measurement technique.
Powerful radar signals transmitted from
the ground excite electrons in the iono-
sphere which reradiate part of the signal
in random directions. A small fraction of
the weak scattered signal is received on
the ground.
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located near Lima in the foothills of the
Andes and almost on the magnetic
equator. The antenna is an oversized
version of Bowles' earlier one in Illi-
nois and consists of 18,432 small dipole
antennas, all fed in phase. The Arecibo
Observatory was built under the direc-
tion of Gordon and is still operated by
Cornell as a national facility, supported
by the National Science Foundation. Its
antenna, which is built into a natural
limestone sinkhole, is a reflector and
can therefore operate over a wide range
of frequencies and directions. It is

accordingly much more versatile—and
expensive—than the Jicamarca array,
which can operate at only one fre-
quency and point in a limited number of
directions. The Jicamarca radar is de-
voted almost exclusively to ionospheric
work, whereas at Arecibo there are also
extensive research programs in radar
studies of the planets (radar astron-
omy) and purely passive studies of
the radiation from radio stars (radio
astronomy).

Other important incoherent scatter
observatories are located in Massachu-

setts, France, and England. Another
which was operating in California is
being moved to Alaska. The frequencies
used for scatter measurements at the
various observatories range from 50 to
1,300 megahertz.

MAKING MEASUREMENTS IN
THE UPPER ATMOSPHERE

If we are to understand and predict
the future behavior of our atmosphere,
and perhaps even exert some control
over it, we must first be able to measure
its properties. Furthermore, we must be 12



able to do this not only at the com-
paratively low altitudes where every-
thing we think of as weather takes
place, but also at the higher altitudes.
As Professor Brice has pointed out in
his article in this issue of the Quarterly,
our immediate atmospheric environ-
ment is only a small portion of a much
larger system whose components inter-
act in complicated ways. Therefore, we
need to determine atmospheric proper-
ties over as wide a range of altitudes as
possible.

Physical measurements are not par-
ticularly difficult to make near the
ground, but at altitudes higher than
those where balloons and aircraft can
operate, the problems become formida-
ble. How can we make measurements
at these higher altitudes? Satellites and
rockets come immediately to mind, and
of course are used extensively these
days. Satellites, however, must generally
remain above 200 kilometers in order
to avoid burning up in the atmosphere.
Rockets can be used at all altitudes, but
they can deliver only two quick record-
ings, one during ascent and one during
descent, of the regions through which
they pass. The "snapshots" provided by
rockets can seldom be combined into a
"moving picture," a continuous study
of the interrelated changes in atmos-
pheric properties. Moreover, they are
very expensive.

The technique of incoherent scatter
measurements is not limited in these
ways. It has been used to make compre-
hensive studies of the properties of the
atmosphere, particularly of the charged
particles in the upper atmosphere, over
an altitude range stretching from sev-
enty or eighty kilometers to almost
10,000 kilometers. The radars used are

13 much more advanced and much more

expensive than, for example, ordinary
airport radars, but they are still quite
cheap when compared to the cost of
rocket and satellite programs.

In many respects the satellite and
radar techniques complement each
other. Satellites can give good broad
global coverage, but the resolution in
time and space is poor. A satellite
instrumented to measure local electron
density and temperature, for example,
can provide only two measurements of
each per day in the vicinity of a par-
ticular location, and only at the altitude
of the satellite. The satellite can, how-
ever, give a good idea of how the
temperature and density vary with
longitude and latitude. Radar measure-
ments, on the other hand, are obviously
restricted to the vicinity of the installa-
tion, but they can cover a wide range of
altitudes simultaneously and can be
made continuously in order to study
temporal changes. By combining the
very detailed local picture of the upper
atmosphere which the radars can pro-
vide with the much more crude but
broad geographic coverage given by the
satellites, we are gradually constructing
a realistic picture of how the whole
upper atmosphere behaves.

INCOHERENT SCATTER: WHAT
IT IS, HOW IT IS MEASURED

What do we mean by incoherent
scatter? The very simple basic principle
of this phenomenon, which is also
known as Thomson scatter, was first
pointed out by J. J. Thomson, the dis-
coverer of the electron, more than sixty
years ago. If a free electron is made to
oscillate (by a radar pulse, for exam-
ple) it will act like a very small antenna
and radiate a small amount of energy.
The free electrons radiating in response

". . . we are gradually
constructing a realistic
picture of how the
whole upper
atmosphere behaves."



Above: The radar facility at Jicamarca in
Peru is located in the foothills of the
Andes, almost on the magnetic equator.
Below: The antenna at Jicamarca consists
of 18,432 small dipole antennas, all fed
in phase.

I

to the radar excitation act independ-
ently, without definite phase relations,
and the scattered radiation is referred
to as incoherent.

The upper atmosphere, particularly
the region called the ionosphere, is
partially ionized by ultraviolet radiation
and x rays from the sun and so con-
tains a significant number of free elec-
trons. This ionized region reflects radio
waves below a certain frequency level,
and thereby makes long-range radio
communication possible. The radar
studies with which we are concerned are
made at much higher frequencies, how-
ever, and all but a very minute fraction
of the energy passes through the iono-
sphere and is lost into space. The small
amount which does not escape is due
to the induced incoherent radiation
from the individual electrons. Part of
this radiation impinges on the receiving
antenna (usually the same as the trans-
mitting antenna) and is collected. Al-
though this received signal is very weak,
it can yield a great deal of information.

The power reradiated by each elec-
tron can be expressed in terms of the
cross sectional area of a perfectly con- 14



"The technique of incoherent scatter measurements . . . has
been used to make comprehensive studies of the properties
of the atmosphere . . . over an altitude range stretching
from 70 or 80 kilometers to almost 10,000 kilometers."

ducting sphere which would scatter (re-
flect) the same signal to the receiver.
This is called the radar scattering cross
section of the electron. For a single elec-
tron this area is approximately 10~28

square meters—a very small mirror.

THE MEASUREMENT
OF BACK SCATTERING:
A HOPELESS EXPERIMENT?

To get an appreciation of the diffi-
culty of measuring the small amount of
back scattering, let's put in a few more
typical numbers. Suppose we have a
radar that transmits a pulse 67 micro-
seconds long from an antenna with a
beam width of 1°, and we want to con-
sider the scattering from an altitude of
300 kilometers. The induced radiation
would come from all the electrons pres-
ent in a volume measuring about 5 x 5
x 10 kilometers. A typical electron
density during the daytime at this alti-
tude is about 1012 electrons per cubic
meter, and so the total scattering cross
section due to all the electrons in the
volume is roughly 10"28 x 1012 x 250
x 109 = 2.5 x 10~5 square meters,

15 which is equivalent to a square with a

side only 5 millimeters long. This is a
very small target at a range of 300 kilo-
meters! Only about one part in 1012

of the transmitted power would be scat-
tered, and of that only about one part
in 108 would be received from an alti-
tude of 300 kilometers by an antenna
having an effective area of 104 square
meters, which is a very large antenna
indeed. Even with an antenna as enor-
mous as this, and even with a very
powerful transmitter, we could expect
to get back only an extremely weak sig-
nal. If we were to transmit, say, 106

watts, we could expect to pick up only
about 10- 1 2 x 10~8 x 106 = 10"14

watts. Moreover, this is the signal ex-
pected from an altitude of 300 kilo-
meters, which is the region of highest
electron density in the ionosphere; from
other altitudes we would get even less.
To make matters worse, the electrons
are all moving with randomly directed
velocities of the order of 100 kilo-
meters per second or more, and the
associated Doppler shifts introduce a
frequency spread into the returned
signal.

At first glance the experiment looks

hopeless, and it is small wonder that no
one gave it serious consideration until
Gordon's perceptive assessment in
1958, and Bowles' subsequent measure-
ments.

THEORIES OF THE
SCATTERING PHENOMENON

These first measurements by Bowles
were quite crude, but they showed
clearly that the simple scatter theory
proposed by Gordon was only partially
correct. Although the total scattered
power was roughly what was expected,
the observed bandwidth of the scattered
signal was much narrower that that pre-
dicted on the basis of completely free
electrons. In fact, if Gordon's prediction
had been completely correct, Bowles
probably wouldn't have been able to
detect the scattering, since the signal-to-
noise ratio of the returned signal is
inversely proportional to the band-
width. Experimenters must have faith
in the theoreticians, but not too much!

It was quickly realized that the ions
present in the ionosphere play an im-
portant role in the scattering process,
even though it is of course the electrons



Top: A cable car transports staff members
to the feed support structure suspended
over the reflector "dish" of the Arecibo
Observatory. The transmitter has a power
of 2.5 million watts. Right: The bowl-
shaped reflector at Arecibo is built into
a natural limestone sinkhole. At the rim
the reflector—the largest in the world—-
measures 1,000 feet in diameter. The
facility, built at a cost of over $9 million,
has been in operation since 1963. Be-
low: In order to distribute his weight and
not alter the curvature of the half-inch-
square wire mesh reflector, a repairman
uses a pair of water skis to traverse the
surface.

16



Below: A catwalk leads to the triangular
support platform suspended more than
400 feet above the center of the reflector
at the Arecibo Observatory. The unit is
supported by cables extending from three
towers.
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that actually do the scattering. Because
of Coulomb forces, the ions influence
the electron motions and therefore the
Doppler shifts. The simplest way to
take into account these effects is to
treat the ionosphere as a plasma with
random variations in electron and ion
density, and calculate the scattering due
to fluctuations. This turns out to be more
than a trivial calculation, but the gen-
eral theory was soon developed in a
variety of ways by a number of peo-
ple working independently. It is now
possible to predict the total scattered
power and the frequency spectrum of
the scattered signal for almost any con-
ceivable set of parameters pertaining to
the ionospheric plasma. In many re-
spects the observed signal resembles
scattering which would be produced by
fictitious particles having the mass and
velocity of the ions, and one half the
scattering cross section of the electrons.

THE EXPERIMENTAL WORK

There were many experimental diffi-
culties with the early measurements. It
was found to be one thing to detect the
effect, and quite another to measure the

scattering accurately. The very weak
signals often must be averaged over a
fairly long time in order to eliminate or
reduce the effects of random noise, and
the results are subject to a host of subtle
systematic errors which were not at first
fully appreciated. With the steady im-
provement in equipment and the use of
sophisticated electronic data processing
techniques, however, these problems
have been pretty well overcome.

The present technique is to couple
the radar to an on-line computer which
often controls the transmitter as well as
processing the data. The receiver out-
put is first converted into digital form,
and then either sent directly to the
computer or else given a preliminary
processing by special purpose, high
speed digital equipment. The disad-
vantage of having the computer alone
handle all the processing is that some-
times it isn't fast enough to keep up
with the flow of data. Special purpose
devices which can perform many opera-
tions in parallel are much faster, even
though less flexible.

To get the most out of incoherent
scattering measurements, it is necessary



"(The ionosphere) serves as an ideal 'outdoor laboratory
for certain experiments in plasma physics. The simplifying
assumptions upon which plasma theory is based really
are, in most cases, valid in the ionosphere''

to coordinate the efforts of experts in
many fields. These include specialists in
transmitter, antenna, and receiver tech-
nology, digital data processing, digital
equipment technology, computer pro-
gramming, theoretical plasma physics,
and the physics of the upper atmos-
phere.

Almost all of the physically im-
portant parameters of the upper atmos-
phere have a direct or indirect influence
on the scattered signal at some range
of altitude. The power and the fre-
quency spectrum of the scattered signal
are affected to varying degrees by the
following parameters of the ionospheric
plasma: electron density, electron tem-
perature, ion temperature (which may
differ from the electron temperature),
ionic composition (major constituents),
ion-neutral particle collision frequency,
ion-ion collision frequency, photoelec-
tron velocity distribution, mean plasma
drift velocity in the direction of the
radar beam, and drift velocity of the
electrons relative to the ions (current
strength) in the direction of the radar
beam.

Generally only a few of these param-

eters are important at a particular
altitude, which is just as well; other-
wise, the job of unraveling the data
would be truly formidable. Actually,
the complexity of the theory and the
data is a two-edged sword. It is often
quite difficult to analyze the data from
regions where several of the physical
parameters are important. On the other
hand, when the analysis is properly
done, it yields a vast amount of use-
ful information about the scattering
medium.

PHOTOCHEMICAL AND
DYNAMIC PROCESSES IN
THE IONOSPHERE

The basic goal of ionospheric re-
search is to gain a complete under-
standing of the important photochemi-
cal and dynamic processes governing
the behavior of the ionized and neutral
constituents of this upper part of the
atmospheric "ocean" in which we live.

Photochemistry is concerned with the
production and loss of charged particles
and the associated energy transfers and
optical emissions. The charged particles
are produced when neutral atmospheric

particles are ionized by solar ultraviolet
and x-ray radiation—radiation which
would be lethal if it reached the earth's
surface. Production of the charged
particles is controlled by the intensity
of the incident solar flux and the spec-
trum of the radiation, by the composi-
tion of the neutral atmosphere, and by
the ionization cross sections of the vari-
ous constituents. Charged particles are
lost when they recombine and give up
their energy of ionization as heat, a
process that is controlled by the density
of neutral particles present in the region
and by various temperature-dependent
rate factors.

Important dynamic processes include
diffusion, electromagnetic drifts of the
charged particles caused by the com-
bined effects of the electric and mag-
netic fields in the upper atmosphere,
local and global neutral atmospheric
winds and gravity waves (which are
somewhat like ocean waves but can
have very large amplitudes in the upper
atmosphere), tides, and thermal expan-
sion and contraction. There is also
interaction between the protonosphere,
which is the region above 1,000 to 18



19

2,000 kilometers where the positive ions
are mainly protons, and the lower ion-
osphere which contains oxygen and
other heavier ions. The protonosphere
acts in some respects like a huge
reservoir of both charged particles and
thermal energy. Energetic photoelec-
trons can escape from the lower iono-
sphere and travel along the earth's
magnetic field lines to heat the proton-
osphere and perhaps even the lower
ionosphere at the magnetically conju-
gate point in the opposite hemisphere.
The energy supplied to the protono-
sphere can raise its temperature several
thousand degrees above that of the
lower ionosphere. The excess energy
slowly returns to the lower altitudes by
conduction. Similarly, some actual
plasma flows out into the protonosphere
during the day, only to return during
the night.

All of these processes are influenced
by solar activity. The solar wind, con-
sisting of streams of energetic particles
emitted by the sun, impinges on the
earth's outermost "magnetic shield" and
affects the earth's magnetic and electric
field systems. Variations in the solar
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Below and opposite: Modelled after the
1,000-foot Arecibo reflector and tilted so
as to cover the same region of the sky, is
an 85-foot solid-surface radio telescope
antenna under construction at the Cornell
experimental station in Danby, New York,
about fifteen miles from the campus. This
experimental antenna is being used to de-
velop techniques for producing reflectors

of high spherical accuracy which can be
used for measurements at high frequen-
cies. Work is being done on the prepara-
tion of the very smooth surfacing that is
required. Another aspect of the Danby
project will be to develop models for feeds
for spherical reflectors such as the one at
Arecibo. The Danby antenna will also be
used in conjunction with the big one at
Arecibo for long-baseline interferometry
measurements in which the two telescopes
will have an effective resolving power
equivalent to that of a single reflector with
a diameter of 1,800 miles, the distance be-
tween Danby and Arecibo.

wind caused, for example, by solar
flares are accompanied by changes in
the physical processes in the atmos-
phere and by visible phenomena such
as auroral displays. It is a complicated
physical system, but our understanding
of it has improved greatly in the last
decade or so with the advent of satel-
lite and radar probing techniques.

COMPARISON WITH SATELLITE
OBSERVATIONS

The radar measurements give direct
information about only the charged par-
ticles, but since these serve as tracers
in the neutral gas, additional informa-
tion can be deduced. From the electron
temperature, ion temperature, and elec-
tron density, for example, one can de-
termine the temperature of the neutral
gas in the upper atmosphere to an ac-
curacy of about 5 percent or better.

Such measurements can be com-
pared with somewhat cruder estimates
of the temperature obtained from stud-
ies of satellite drag. Satellite meas-
urements indicated that the diurnal
maximum in the temperature at alti-
tudes above a few hundred kilometers

occurs at about 2 P.M., but this con-
clusion is difficult to reconcile with rea-
sonable theoretical models. The more
accurate scatter measurements, on the
other hand, show that the maximum is
in fact at about 4 to 5 P.M., in much
better agreement with theory. Scatter
measurements of electron temperature
have also shown consistent disagree-
ment with satellite measurements using
Langmuir probes. It is now reasonably
well established that it is the satellite
measurements which are wrong; their
values are consistently high, sometimes

by as much as 70 percent. In most other
respects comparisons between satellite
and scatter data have shown good
agreement.

THE IONOSPHERE AS AN
OUTDOOR LAB

One further aspect of the ionosphere
deserves mention. It serves as an ideal
4Woutdoor laboratory" for certain experi-
ments in plasma physics. Although
progress toward controlled thermonu-
clear fusion reactions in a plasma for
the generation of cheap commercial 20
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power is dependent primarily on studies
of high temperature plasmas in the lab-
oratory, the much cooler plasma of the
ionosphere has a number of advantages
for certain basic experiments. The sim-
plifying assumptions upon which much
plasma theory is based really are, in
most cases, valid in the ionosphere,
which generally can be considered to be
uniform, infinite, stationary in time, and
in other respects "well behaved" over
the time and distance scales required by
theory.

It is probably not overstating the case

to say that ionospheric scatter experi-
ments have provided the best quantita-
tive test to date of the basic linearized
plasma kinetic theory. No observation
has been made which is in any way in-
consistent with the theory, and all but
a few theoretical predictions have been
verified, in some cases to accuracies of
the order of one percent.

Scatter measurements similar to
those made in the ionosphere, but at
microwave and laser frequencies, are
now being utilized as a diagnostic tool
in laboratory experiments as well.

CONTROLLED MODIFICATION
OF THE IONOSPHERE

The main disadvantage of the iono-
sphere from the point of view of the
plasma experimenter is that there is
no way to control or alter the medium.
One usually has to settle for what nature
provides. In recent years, however, a
number of experiments involving con-
trolled modification of the ionosphere
have been carried out.

In one such experiment a cloud of
barium is released at a high altitude
from a rocket. The barium is very easily

ionized by sunlight, and if enough is
released the mean electron density can
be raised temporarily by more than an
order of magnitude throughout a vol-
ume of hundreds of cubic kilometers.
The subsequent behavior of the cloud
under the influence of diffusion, winds,
electric and magnetic fields, etc., can be
studied both optically and with radar.
These experiments are of course quite
expensive to carry out.

A much cheaper and potentially
more scientifically productive con-
trolled experiment involves heating the
ionosphere with a powerful radio trans-
mitter on the ground. Such experiments
have provided useful information about
the lower ionosphere (100 kilometers
and below) for a number of years, but
only recently has it become possible to
heat regions above 200 kilometers. The
first successful experiments at these alti-
tudes were carried out during the past
year at Boulder, Colorado and at Are-
cibo. If the power is transmitted at a
resonant frequency of the ionospheric
plasma, a relatively large fraction can
be converted into electron thermal
energy within a relatively limited vol-



ume. With a mean transmitted power
of 100 kilowatts or more, the electron
temperature can be raised several hun-
dred degrees Kelvin from the ambient
temperature which is of the order of
1,000° K. At Arecibo we can study in
detail the effects of this heating by oper-
ating the incoherent scatter radar at the
same time, and we hope to learn a great
deal about thermal and plasma trans-
port processes in the ionosphere with
this new tool.

Measurements using very powerful,
sophisticated radars are now helping us
to unravel many of the mysteries sur-
rounding the behavior of our upper
atmosphere. The observations represent
both a technological and a scientific
challenge. The most advanced radar
and data processing technology must
be employed in carrying out the experi-
ments. On the other hand, a thorough
knowledge of atmospheric physics is
required in order to design the right
experiments and to properly interpret
the results and fit them into the broader
global picture. The radar measurements
thus serve both as a source of intellec-
tual challenge appropriate to a univer-

sity graduate research program, and as
a source of vital information which is
improving our understanding of the
total environment in which we live.

Donald T. Farley, professor of electrical
engineering at Cornell University, has
worked in the field of incoherent scatter-
ing since the early days of its development
as a means of studying the upper atmos-
phere. He served as a physicist and then as
director of the Jicamarca Radar Observa-
tory near Lima, Peru, from 1961 to 1967,
the year of his appointment to the Cornell
faculty. During that period the observa-
tory was operated by the United States
Environmental Science Services Adminis-
tration.

While at the Jicamarca observatory,
which is located near the geomagnetic
equator, Professor Farley studied the inco-
herent scattering of radio waves at that
latitude. For this work he received the

Gold Medal of Merit from the United
States Department of Commerce in 1967.

Professor Farley earned his bachelor's
degree in 1956 and his Doctor of Philos-
ophy degree in 1959, both in engineering
physics and both from Cornell. He was a
NA TO postdoctoral fellow in ionospheric
physics at Cambridge University in Eng-
land for a year, and then spent a year as a
visiting professor at Chalmers University
in Sweden, where he conducted research
on the heating of the ionosphere with
intense radio waves. His affiliation with
the Jicamarca facility followed.

Professor Farley is the author or co-
author of more than thirty professional
articles, mostly on the subject of inco-
herent scattering and plasmas. He received
distinguished authorship awards in 1963
and 1964 from the United States Depart-
ment of Commerce. From 1963 through
1969 he served as associate editor of
Reviews of Geophysics. At Cornell he is
currently the graduate field representative
for Electrical Engineering.

He is a member of the American Geo-
physical Union, the American Associa-
tion for the Advancement of Science, the
International Scientific Radio Union, and
the honorary societies Sigma Xi, Tau Beta
Pi, and Phi Kappa Phi. 22
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Skill in engineering design represents the
point of balance between knowing and do-
ing. It is not an easy quality to develop
in engineering students in an academic en-
vironment. Here at Cornell the faculty at-
tempts to prepare young people for re-
sponsible professional careers which may
range from participation in the most eso-
teric of research programs to the planning
of technical servicing and marketing for a
newly developed product. Many kinds of
educational experience must be provided.
but there is one aspect of engineering edu-
cation that cannot be neglected. Crucial to
the profession is the ability of practicing
engineers to synthesize—to "design." It
is a skill that may be compared with
the physician's ability to diagnose and
then to perform a necessary operation.

At Cornell, approximately 150 candi-
dates are enrolled in the one-year Master
of Engineering degree program, which is
oriented to the preparation of graduates
for professional practice. (The traditional
M.S.-Ph.D. route is open to those inter-
ested principally in research-oriented ca-
reers.) Considerable emphasis is placed on
design—usually in the form of a six-
credit-hour required project. The object
is to foster a candidate's ability to handle
representative problems of a kind that he
will experience in practice. While each

A control system for a Mars-roving ve-
hicle was a Master of Engineering {Me-
chanical) design project carried out under
a contract with NASA. Cornell mechan-
ical engineering graduate students worked
in teams on the design, development, and
testing of different components of a total
control system. Left: Students inspect a
soil sampler and testing device built as
an attachment to the Martian rover.
Below: An electromechanical obstacles
sensor is discussed by a graduate student
who participated in its development. The
sensor was designed to indicate to the
vehicle's decision control system the
height and width of encountered obstacles.



faculty group approaches this difficult
challenge from its own perspective, there
are elements common to all successful
design programs. First, the students must
sense some relevance and timeliness in
the project they undertake; "antique" or
well-worn projects will not do. Nearly all
projects require some external input from
industry or government laboratories. This
takes the form of suggestions for projects
to be undertaken, "feedback" while proj-
ects are under way, and critical evalu-
ation of the results. External monetary
support helps too.

A growing tendency is to form interdis-
ciplinary teams from different engineering
fields to pursue a given project. Also, new
areas of engineering activity are fre-
quently introduced in the projects. For
example, industrial engineering candidates
recently worked on projects in hospital
services planning and design, and a team
of electrical engineers worked on a con-
servation project involving the tracking
of deer to study their foraging habits.

The design projects program is planned
to help our engineering students develop
their skills in judgment, ingenuity, or-
ganization, teamwork, and practicality. It
begins and expedites that inevitable shift
from the academic world to the world at
large. Through the Master of Engineering

degree program at Cornell, we are seeking
to maintain a balance between the educa-
tion of researchers and teachers on the
one hand, and engineering practitioners
on the other. What follows are some pic-
torial examples of representative projects
that were pursued by Cornell engineers
during the 1969-70 academic year. Some
required the actual fabrication of an appa-
ratus; others resulted in specific and quan-
titative reports to supervising faculty
members. Many of the projects have sug-
gested new lines of interest to the stu-
dents, and a few have led directly to after-
graduation jobs.

A computer model for urban traffic net-
works was developed in a Master of Engi-
neering {Industrial) design project. Top:
Professor Howard Morgan checks a com-
puter printout with members of the stu-
dent design team. Above: At a Cornell
campus intersection, students take data
to validate the computer model. This proj-
ect, sponsored by the federal Department
of Transportation, enables planners to
generate a computer model for any traf-
fic situation from a map of a set of in-
tersections. This project is illustrative of
the "team" approach used in handling
many of the design problems. 24
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Glass bottles and disposable diapers may
be manufactured more efficiently as a re-
sult of design projects undertaken by elec-
trical engineering graduate students under
the sponsorship of the Powers Manufac-
turing Company and Procter & Gamble.
Top left: Deflection of a laser beam is
used to detect "birdswing" imperfections
in glass bottles. Above: A probe with mi-
crophone and high frequency sound
source is inserted into a bottle; imperfec-
tions are indicated by the wave form dis-
played on the oscilloscope. Left: A light
source and detector is used to ensure
proper alignment of the three layers of
material in Pamper diapers.



A myoelectrically controlled power source
for the operation of an artificial limb was
designed and built as a senior mechanical
engineering design project. A paper de-
scribing the results of this project won first
prize last December in the student techni-
cal paper competition of the American
Society of Mechanical Engineers. Top:
Electrical signals from arm muscles are
detected by small sensors taped to the
skin. These tiny signals are used to control
a light-weight thermally operated power
unit which uses freon as the working sub-
stance and a catalytic heater as the energy
source. Bottom: A student apartment dou-
bles as laboratory for work on the senior
design project. 26
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A group project in the civil engineering
master's degree program was the planning
of a potential city in the Elmira-Bingham-
ton-Ithaca area. Top: A consultant dis-
cusses possible site locations with the team
of students responsible for this phase of
the project. Above: Professor Donald
Belcher and a group of students prepare
to board a bus for a field trip to inspect
possible sites for the projected city. As-
pects of structural, geotechnical, environ-
mental systems, and water resources
engineering were considered in the plan-
ning. The overall purpose was to provide
a plan for expansion of population in the
tri-city area without "urban sprawl". The

> >

project was sponsored by the Cornell Of-
fice of Regional Resources and Develop-
ment.

Right: The design of a small, low-cost sub-
marine was a senior project in mechanical
engineering. Although the "exploratory
submersible" was not actually assembled,
laboratory testing of design components
helped verify the feasibility of the vehicle,
which was designed for observational use
at maximum depths of 1,500 feet. The
design won a prize in the Engineering Un-
dergraduate Student Design Competition
sponsored by the James F. Lincoln Arc
Welding Foundation.



The way in which the Master of Engineer-
ing design program works is demon-
strated by a mechanical engineering proj-
ect on a gas turbine load compressor
discharge design.

Left: The team of two students working
on the design confer with a representative
of the sponsoring organization, the Gen-
eral Electric Company, at the plant in
Schenectady, New York.

Above: At the end of the year, the two
students present a paper describing their
results at a meeting at the Sibley School of
Mechanical Engineering on the Cornell
campus. In attendance are representatives
of the various organizations that have
furnished the projects and participated in
their development. Results are appraised
by the consultants, members of the Col-
lege of Engineering faculty, and other
students. 28



FACULTY
PUBLICATIONS

The following publications and conference
papers by faculty members and graduate stu-
dents of the Cornell College of Engineering
were published or presented during May,
June, and July 1970. Earlier publications
inadvertently omitted from previous listings
are included here with the date in paren-
theses. The names of Cornell personnel are
in italics.

• AEROSPACE ENGINEERING
Fetz, B., and Shen, S. F. 1970. Solution of
the Linearized Boltzmann Equation as an
Abstract Cauchy Problem. Paper read at 7th
International Symposium on Rarefied Gas
Dynamics, 26 June-4 July 1970, Pisa, Italy.

Oxburgh, E. R., and Turcotte, D. L. 1970.
Thermal structure of island arcs. Geological
Society of America Bulletin 81: 1665-88.

Shen, S. F., and Kuscer, I. 1970. Symmetry
of Accommodation Coefficients and the Para-
metric Representation of Gas-Surface Inter-
action. Paper read at 7th International Sym-
posium on Rarefied Gas Dynamics, 26 June
-4 July 1970, Pisa, Italy.

• AGRICULTURAL ENGINEERING
Bagnall, L. O., Millier, W. F., and Scott,
N. R. (1970). Drying the alfalfa stem.
Transactions of the ASAE 13(2):232-36.

Cooke, J. R. 1970a. A Theoretical Analysis
of the Resonance of Intact Apples. Paper
read at Annual Meeting of the American
Society of Agricultural Engineers, 7-10 July
1970, Minneapolis.

. 1970b. Mathematical Determination
" of Surface Area and Volume for Developing

Apple, Lemon, and Peach Fruits. Paper read
at Annual Meeting of the American Society
of Agricultural Engineers, 7-10 July 1970,
Minneapolis.

Dunne, T., and Black, R. D. (1970). An
experimental investigation of runoff produc-
tion in permeable soils. Water Resources
Research 6(2):478-90.

Loehr, R. C. 1970a. Animal production and
environmental quality. Food and Life Sci-
ences Quarterly, Cornell 3:13-14.

. 1970b. Alternatives for the Treatment
and Disposal of Animal Wastes. Paper read
at 9th Environmental and Water Resources
Engineering Conference, June 1970, at Van-
derbilt University, Nashville, Tennessee.

. 1970c. Management of Animal
Wastes. Paper read at Spring Meeting of the
New York Water Pollution Control Associa-
tion, June 1970, Monticello, New York.

Loehr, R. C, and Schulte, D. D. 1970.
Aerated Lagoon Treatment of Long Island
Duck Wastewaters. Paper read at 2nd Inter-
national Symposium for Waste Treatment
Lagoons, June 1970, Kansas City, Missouri.

Ludington, D. C. 1970. Sizing Condensing
Units for Bulk Milk Coolers. Paper read at
Annual Meeting of the American Society of
Agricultural Engineers, 7-10 July 1970, Min-
neapolis.

Millier, W. F. and Rehkugler, G. E. 1970. A
Simulation—The Effect of Harvest Starting
Date, Harvesting Rate and Weather on the
Value of Forage for Dairy Cows. Paper read
at Annual Meeting of the American Society
of Agricultural Engineers, 7-10 July 1970,
Minneapolis.

Rehkugler, G. E. (1970). Dynamic analysis
of automatic control of combine header
height. Transactions of the ASAE 13(2):
225-31.

• APPLIED PHYSICS
Andrews, M. L., Bzura, J., Fleischmann,
H. H., and Rostoker, N. 1970. Effects of a
magnetic guide field on the propagation of
intense relativistic electron beams. Physics of
Fluids 13:1322.

Lukens, J. E., Warburton, R. J., and Webb,
W. W. 1970. Superconducting Fentovoit Am-
plifier. Paper read at Conference on Applied
Superconductivity, June 1970, Boulder, Colo-
rado.

Ortoleva, P., and Nelkin, M. 1970. Collective
and single-particle effects in autocorrelation
functions for dense classical fluids. Physical
Review A 2:187-95.

Schwerer, F. C, and Silcox, J. (1970). Scat-
tering center effects in the magnetoresistance
of nickel. Physical Review B 1:2391.

Siegel, B. M. (1970a). An Experimental
Transmission Electron Microscope Design
for Observation of Molecular Structure of
Biogenic Macromolecules. Paper read at
Conference on Methods for the Analysis of
the Atomic Structure of Biogenic Macro-
molecules, 15-18 March 1970, Hirschegg/
Kleinwalsertal, Austria.

. (1970b). Current and Future Pros-
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Understanding
Our Atmosphere

Given the crisis dimensions of many of our contemporary problems—as starters,
we could list housing, mass transit, water supply, waste disposal—research into un-
derstanding the behavior of our earth's atmosphere may not seem to be a parti-
cularly pressing concern. We do need to work much harder and more effectively in
applying the knowledge we already have to the problems at hand. But at the same
time, some of our effort should be directed toward heading off potential problems.

Sooner or later, our global atmosphere may well be expected to absorb many of
the effluents of our "progress." Writing in the summer. 1970, issue of this publica-
tion, Frank Moore suggested that the atmosphere might be considered as a major
reservoir for the disposal of waste heat generated as a by-product in the production
of electricity on the earth's surface. Yet without a solid understanding of the prop-
erties and behavior of the atmosphere, we cannot predict how it would respond.
Could the atmosphere purge itself of man-induced pollution? If so. how? If not,
what are its upper absorptive limits? What would be the consequences of "adding"
new substances to the atmosphere?

In his article in this issue, Donald Farley points out that the atmosphere could
serve as an "outdoor laboratory" for experiments in plasma physics. Such experi-
mentation, in addition to providing basic scientific knowledge, could enhance the
prospects of producing cheaper and cleaner energy through controlled thermonu-
clear fusion processes. In fact, one of the experiments currently under way at Are-
cibo has a relationship to this question of thermal absorption by the atmosphere.
The experiment is an attempt to determine what happens when a small volume of
atmosphere about 200 kilometers from the earth's surface is heated by several hun-
dred degrees. How is the heat dissipated? Would there be thermochemical reac-
tions to worry about if such heating were done on a large scale? Would the atmos-
pheric composition be altered?

Improving radio communication is another increasingly relevant objective of re-
search on the upper atmosphere. Neil Brice, in his article in this issue of the Quar-
terly, discusses the unpredictable ionospheric substorms that induce radar clutter
and radio blackouts as well as produce auroras and other phenomena, and he de-
scribes how it may be possible to control the timing of these disturbances. A syn-
thetic "switching on" of the Northern Lights might trigger the entire mechanism of
the substorm and so make possible a "scheduling" of the disturbances at times
when communications are not vital.

Seemingly not very relevant at the outset—but with an eye to our future—pres-
ent research directed toward understanding our atmosphere may well help us en-
sure that it is "saved" for those who follow us.

THE EDITOR
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