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Aeronomers, meteorologists and atmospheric _ _
physicists are seeking—and finding— - -
intimate relationships where the solar ' : :

wind embraces the magnetic earth.
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T ike an island in the middle of the

Pacific Ocean, the earth stands in
LJ the way of 2 fast-running cosmic
current—the solar wind. That wind, a
great stream ot charged atomic particles,
tlows out from the sun, through the solar

system and around the planets, just as an-

vcean current sweeps around and past the
island members of an archipelago.

But, unlike ali but one other planet in
the solar system, lupiter, the earth is
nown to have a strong magnetic field,
iMercury and the moon have weak fields:
v s, such as Saturn and Uranus might
be _xpected to, but there is little evi-
dence.) The earth’s magnetic field sur-

rounds the planet as coral reefs do certain.

islands: It protects the earth from the

The magnetosphere. The region of complex
forces and currents, where the earth meets
the solar atmosphere, has large effects on
the terrestrial environment. How large is
coming 1o be known. -
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brunt of the solar wind, but also interacts
with the stream of particies to produce
such effects as auroral phenomena and
geomagnetic storms. In addition to these
well-established " effects in the upper
atmosphere, an increasing number of
scientists have become concerned with a
possibleinfluence of these effects, in turn,
on the pattern of weather on the surface
of the earth—particularly what might
prove (f the lines of linkage could be
established) to be an intimate and in-

tricate relationship to atmospheric elec-
trical disturbances and thunderstorm
formation.

The earth’s magnaetic field and the space
it encloses are known as the mag-
netosphere. It is cometlike in shape,
compressed to some 10 earth radii (about
64,000 kilometers) by theimpact pressure
on the sunlit side of the earth and
extended to perhaps 1,000 earth radii (6.4
million kilometers) on the night side.

It once was thought that the
magnetosphere simply carved a cavity in
the solar wind, like a cocoon inside of
which the earth resided, unaffected by the
solar flux. Since the advent of the space
age, however, scientists have come to

_know the magnetosphere as a complex,
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Global circuit. A poswiaied global electrical circuit. with arrows indicating the flow of
posiive charge. The thunderstorm demcled represents the globai eiectrical. generator—the
totahity ot ali giobal thundersterms, R .

Magnetospheric regimes- :

The better to understand sun-earth

interactions, it might be helpful to
have & clear picture of the structures of
the magnetosphere, the regime in
which the solar and terrestrial en-

vironments meet and, mix. -Beginning -

with the outermost feature and work-
ing in toward the earth, one finds the:

. Bow shock. This is a wave, similar
to the one_created by a boat maoving
through the water, that marks the
movenent of the earth and its
magnetic field through the solar wind.
Its existence has been known since
1963, when a satellite’s sensors first
discovered it but there is a lot about
this shock wave that is unknown. It
appears Lo oscillate in and out at
distances of 77,000 to 83,000 kilo-
meterson the side facing the sun and at
spreds between about 10 and 200
Lilometers per second. The shock wave
is thought to heat the charged particles
in the solar wind.

s Magnetosheath. Immediately

behind the shock wave, it is a zone of

considerable turbulence, much as
would be found in the wake of a
supersonic jet aircraft or a buller.
Protons and electrons are found cir-
cutating here with energies 10t0 4,000
times those of particles on the other
side of the shock front, in the free-
flowing solar wind. - :

« Magnetopause. This is the outer
boundary of the magnetosphere. That

portion of the magnetic field facing the

sun is compressed by the solar wind to

- something less than 10 earth radii,
while the downstream sector is ex-

tended by the wind out to perhaps
1,000 earth radii. Separating these two
sectors are the polar “cusps”—long,’
irregularly shaped funnels formed by
the field lines as they dive almost
straight down onto the geomagnetic
north and south pelar regions.

» Plasma sheet. Like a gaseous Gulf -
Stream, this flow of ionized particles
begins somewhere behind the cusps
and runs down through the central
part of the magnetospheric tail. Long
thought to be populated by protons
and electrons from the solar wind, the
ionized gas is now known to contain
heavy ions, like those of oxygen, which
probably have come from the earth’s
atmosphere. The plasma sheet is also
thought to. be .a capacitor of sorts,
storing energy and periodically dis-
charging it into the magnetospheric
system.

e Plasmasphere and Van Allen
Radiation Belts. The plasmasphere isa
doughnut-shaped region encircling the
earth and populated by low-energy
protons and electrons; radiation belts
are zones of electrically charged par-
ticles, but with considerably more
energy.® B

penerator, the carths atmosphere may
alsor ‘be. regarded as a giant clectric
generator. Some of its currents flow all
the way down to the ground and then,
laterally, along the ground for great
distances before turning upward into the
ionosphere and magnetosphere to close
the circuit. This circuit shares its path
with other circuits, such as those of the
thunderstorms, and may provide a means ~,
for one natural generator to interact with
another.

]. Doyne Sartor of the National Center

for Atmospheric Research in Boulder,
Colorado, for example, has found from-
computer modeling studies that if the
strength of the electric field in the model's
uppex atmosphere is increased by about a
third, then the electric field inside a lightly
electrified cumulus cloud in the at-
mosphere below can jump from perhaps
1,000 volts per meter to 100,000 volts per
meter. The result is a full-scale thunder-
storm, modifying greatly the electric field
around it, Sartor explains. .

"' It's a great big feedback system, says
Park. But according to him and many
scientists, the physical processes involved
are so complex that a great deal more
work is. needed before it can be un-
derstood how thunderstorms work and
how their behavior is influenced by what

~goes on in the earth’s upper atmosphere
and the solar atmosphere beyond.

A partial view

From what is beginning to be suspected,

the process would begin withasolar flare,
one of those stupendous explosions
within the sun’s atmosphere. Expelied
from the sun with great force, the solar
wind becomes a transient solar hurricane.
Its velacity jumps abruptly from a few
hundred kilometers per second to roughly
twice that. Slamming against the mag-
netosphere, the solar wind causes the
malleable magnetosphere to deform.

But there the picture grows fuzzy.

Beyond an increase in the generator’s
efficiency, it js not entirely clear what
events follow in the regions above the
earth when an exceedingly strong solar:
wind lashes the magnetosphere; that
knowiedge is one of the principal goals of
the IMS. It appears, however, that the .
electric fields, magnetic fields, plasmas
and waves throughout the magne-
tosphere all change rapidly and drastical-
lv. Protons that had energies of 1,000
electron-volts (1 keV) when they were
part of the quiet solar wind are now
accelerated to 20 keV. Electrons that
normally would move in the solar wind -
with energies of 20 to 40 electron volts ..




multifaceted environment. “It is a very

large volume of, space with many pockets.

of diversity,”says Chung G. Park, a senior

research associate at Stanford Upiver-

sity’s. Radioscience. Laboratory,~some

dominated by chemistry, some by elec- '

tricalfforces and some by magnetism.” It

has, as well, many effects on the earth; the . '

magnetosphere is no cocoon. . - . .

A principal problem facing upper- ..

atmospheric scientists at the moment,
says .Park, is to understand how"these
different forces fit together and how they

form.a link . between solar causes and
terrestrial  effects. Toward that end, a

consortium of more than 20 nations is

presently. engaged in the International:

Magnetospheric  Study {IMS), The
primary objective of this four-year (1976~

19?:9)' effort, according to Juan G. .

Roederer, director of the Geephysical
Institute of the University of Alaska and
IMS steering committee chairman, is to
see the magnetosphere “whole, as a single

system of interacting plasmas, fields, .

waves and energetic particles.”

Indeed, ‘the very complexity of the.

magnetosphere’s.  structure and the

dynamic interplay between it and the-.
solar wind cannot be examined without

this sort of multifaceted approach. For,
like a coral reef, the magnetosphere
protects, but does not isolate, the island-
earth from the impact of the solar wind.
Charged particles from the sun “leak” into
the inner regions of the.magnetosphere

and interact with the magnetic fields and .
gases there, . _ _ L

The coupling

Beneath all of this, and . somehow

related to it, is the earth and its at-
mosphere. Although scientists recognize
that the ionosphere, high in the at-

mosphere, s tightly coupled .t_o:.‘ the

overlying maunnetosphere, it is a recogni-
tion that has come only inrecent years. "It
used to be,” says Park, “that ionospheric
and magnetospheric scientists seldom
talked to each other. But now, in the past
ten years or so, the realization has
- dawned. that you can't explore what's

happening in the ionosphere without .

knowing what’s going on at the same time

in the magnetosphere.” o e
For example: If, as science has long

believed, the ionosphere is created by the

ionizing effects of solar ultraviolet and X-.

radiation penetrating the magnetosphere,
then there should be nojonosphere on the
darkened side of the earth, shielded asitis
by the earth’s butk from the solar stream.
And vyet there is a night-side jonosphere,
somewhnat .different. from the_ sunlit

POLAR
WIND

T MANTLE

- AJRORA

T DAYSIDE:
cuspP

AURORAL -

M -
- KILOMETRIC -

ELECTROJET ! & RADIATION
v .
—=DIFFUSE &
AURORA 2 et

=" CURRENTS

TOFLOWS
——MAGNETIC FIELD LINES

Upper polar atmosphere. The poies are where the mix of fields, forces and currents that mar
solar-terrestrial reiationships are most accessible. The earth’s magnetc field hines funng!
solar’'particles’in to cusps at the geomagnetic poles. One consequence is the aurara {rigght)

C G Pam

ionosphere, to be sure, but present on the
shadowed half of the earth nevertheless.

The explanation .of this dark-side
ionosphere is to be found, Park believes,
in the interplay of several factors between
the - ionosphere and the overlying
magnetosphere: The plasma falls out of

the magnetosphere and down into the

ionosphere at night {or on the night side),
and that flow is reversed during the day.

“When the ionosphere is sunlit,” says

Park, “it produces so much ionization that
some charged particles move up aleng the
earth’s magnetic field lines into the higher
regions of. the ionosphere. Then, as the
earth turns and this region passes into
darkness, .the process is reversed. The
ions cool and recombine, the pressure
balance changes and the particles fall back

down along the same field lines, back into-
the ionosphere. They sort of slosh back

and forth.” o
Plasmas and magnetijc fields _h_z_w_e_ a
restrictive influence on each other. A

magnetic field tends to act as a barrier to
the flow of the ionized particles that
constitute a plasma, splitting it and
producing a cavity within the flow; the
plasma, in turn, tends to confine the field
and force it to occupy a smaller volume
than it would in the absence of the
impinging stream. Together, plasmas and
magnetic fields generate electric fields,
and it is in thege fields, some atmospheric
physicists are increasingly persuaded,
that the link between the solar dog and
meteoroiogical tail will ultimately be
found. :

Generators in the sky

“The magnetosphere is a kind of
generator,” says Syun-lchi Akasofu,
professor of geophysics at the University
of  Alaska, “generating 10" to 1012
[several hundreds of billions to a trillion}
watts. That's one hundred times more
than the total US. power output,”
Akasofu notes. But “to understand what'™




. is happening, vou have to start at the sun

[see “Magnetospheric regimes,” accom- ..

panving this article] and come all the way
down to the upper atmosphere.”

The solar wind, the Alaska scientist
explains, breaks over thibow shack wave,
and the ions flow around the magneto-
sphere. Some of these apparently punch™
through the magnetopause and enter the-
magnetosphere. Some ‘of the captiired
particles are guided along the force lines
that emanate from’ the - cusp formed’
around that day-side polar region. _

The ions flowing around the magneto-
pause are slizhtiy deflected according to
their electrical charpe, the Alaska'scientist
savs. This effect sends the electrons to the
dawn side of the magnetosphere and the
protons to the dusk side. The effect might
be imagined to be like that between the
terminals of a battery having a 50-kilovolt
potential and a current flow of some’
million amperes. 'MLl_Ch of the current

vs across  the  midplane  of “the
magnetosphere, from  negative’ to
positive—electron-rich. dawn “side to
protor-rich dusk side. But, Akasofu

estimates, perhaps a few million amperes -

" or so flow down the magnetic field lines,
coming .to “ground” at the auroral oval

around a geomagnetic pole. “People used
to think that the aurora was simply the
result of charged ‘particles impinging on
the ‘polar atmosphere,” says Akasofu.
“But now we know that a powerful

electromotive force must first be éreated’

before ‘the ‘aurora can occur. lt-is this
electrical process that really matters.”
As the current-carrying electrons spiral
down the magnetic field lines, they collide
with atoms and molécules (such as oxygen
and nitrogen) in the upper atmosphere, at
altitudes ranging from a few hundred to

perhaps 1,000 kilometers ' above the

surface of the polar regions. -

“This is an enormous discharge,” says
Akasofu of the’ collisions between the
current-carrving * electrons and the
rarified gas particles in the upper polar
atmosphere. “The oxygen and nitrogen,
both atomic and molecular, are excited by
the process and emit photons.” :

The energetic ions, being confined to
the magnetic field lines around the pole,
strike gas particles only in a narrow belt
ringing  the poles, the -auroral ovals.

Having excited the upper atmospheric

gases to produce the ethereal ‘greenish-

white shimmer of the aurora, the current
then travels around to the evening side of
the oval and leaves the polar area as’it

came in: on magnetic field lines. The -

circuit is closed when this current reaches
the dusk side of the magnetosphere.
Itisn’t the beauty of the aurora alone, of
course, that draws scientists like Akasofu,
Park and the others to the polar and other:
stations from which sun-earth relation-
ships can bestudied. It is more significant-
ly the processes that create the lightsand *
that also have profound effects on the
earth’s upper atmosphere that they seek.
These. processes may also have important
effects on the weather at the surface of
the earth and help channel in the solar
disturbances '~ that otherwise plague
human activities on and near the surface.

A {eedback loop -
In fact, it is such electric fields—which-"
have similarities to magnetic fields, but.
are based on electric charges and  the
attractive or repulsive character of those
charges—that are more and miore being
seen as the links connecting the diverse
parts of the magnetosphere and at-
mosphere. :
“There’ are several sources of electric
fields,” says Stanford’s Park, “but they are -
all interrelated; they share the same
circuit paths. Within the atmosphere, the
strongest electric fields are vertical to the
earth’s surface and strongest nearest the-
ground. These fields,” says Park, “are:
generated by electric currents in .
thunderstorms; they diminish with
altitude and spread horizontally as they
get higher and higher. '
“Electric currents flow upward from
thunderstorms and fan out, just as
electric fields do. Far away from the
storms, the currents eventually flow back
down to earth in fair-weather regions.
The circuit is closed when the currents
flow through the ground back to the
original -point. It's very much like a
recirculating water fountain.” s
" In ‘a fair-weather electric field, the
strength of the field is typically a hundred
to several hundred volts per meter near
the ground. In a foul-weather ficld, under-
a thunderstorm, the field strength can be
1,000 times as strong or more. At any
given time, there may be severai thousand
active thunderstorms around the world,
cach acting like the nozzle of a water’
fountain, funneling electricity back
toward the upper ionosphere where the:
sun and earth environments meet. .
In addition to the magnetospheric



windows at the poles.

The Arctic and Antarctic regions
provide excelient vantage points from
which scientists can observe the
dynamic activities in the upper at-
mosphere. For it is there that the

earth’s magnetic field lines flare like.

trumpet horns down into the regions
around the geomagnetic poles.

Indeed, there are several dozen
stations at -the north and south
geomagnetic .polar regions—some
dating back to the International
Geophysical Year (1957-1958), some
still being added—where several hun-
dred scientists from nearly a score of
nations carry out a broad spectrumof
experiments. ’

Using cameras, magnetometers,
photometers, cosmic ray detectors,
radio ' receivers and radars, some
footed firmly to the ground and some
flown aboard balloons or sounding
rockets, these scientists are trying to
map the boundaries between the
magnetosphere (see main story), the
ionosphere and the ground, along
magnetic field lines. These boundaries
change both with time and place as the
solar plasma interacts with the
magnetosphere.

By ‘taking simultaneous measure-
ments of the magnetic, electric and
particle changes occurring at opposite

ends (called “coniugate points”) of a

geomagnetic field line, scientists are
able to follow the motions of the inner
parts of the magnetosphere. (One such
_pair of points lies between Antarctica’s

Siple Statien and Roberval, on Lake 5t.

Jeany; Quebec.)

More than that, scientists can’ also
induce chanpes in the upper at-
mosphere by pumping very low-
freguency-waves into the magneto-

sphere, At Siple Station, for example,-

. Stanford LUniversity scientists- this

yearzare installing a powerful new.

transmitier to operate with a 21-
“kilometer-iong dipole antenna.

"It is virtually the only place on the

surface of ‘the earth, according to
Stanford's Robert Helliwell, where
expériments can be carried out on the
inrc:rachons
“frequency waves and energetic par-
ticles in the magnetosphere. The thick

- ice “sheet, above which the antenna.

wire is strung .onialuminum. posts

spaced every 190 feet, minimizes

electric usses from antenna to ground
and thus improves the antenna’s
radiating etficiency.

In addition, the plasmapause—the
puter boundary of the plasmasphere—
is also thé inner boundary of a large

between  very - low-.

reservoir of charged particles en-
circling the earth. It dips fairly close to

the surface of the globe above Antarc-

tica, bringing it within range of the
transmitter. There is an accessible
conjugate point at the opposite end of
the field line at Roberval, which can
receive the signals from Siple for later
analysis.

Paradoxically, the Antarctic Conti-
nent is also considered by scientists to
be an advantageous site for research
because of things it lacks: national
boundaries and air traffic. Because of
this, balloons of more than 30,000
cubic meters and sounding rockets can
be sent aloft, carrying instruments to
altitudes of 40 to 160 kilometers
without fear of violating some other
nation’s air space or of posing a threat
to commercial jet liners.

In the Northern Hemisphere, the
North American Continent, the Scan-
dinavian Peninsula and the Soviet
Union are all areas within or near the
Arctic Circle (roughly 67 degrees
north latitude) where = important
magnetospheric  investigations are
being carried out as part of the
International Magnetospheric Study
(IMS). '

Because magnetic variations in the
upper atmosphere are at present one of
the most reliable means of monitoring
continuously frem the ground what’s

happening in the magnetosphere

above, the IMS has called for the es-
tablishment of a series of magneto-
meter networks along geomagnetic
meridians. .

The networks,. consisting of
anywhere from 5 to 13 stations on a
particular meridian, use such in-
struments as all-sky (wide angle)
cameras, magnetometers, riometers
(relative jonospheric gpacity meter,
basically a narrowly tuned, single-
frequency ‘radio receiver), photo-
meters and jonospheric sounders to
record the development and decay of
magnetospheric storms.

The polar regions are also the sites of

stations like McMurdoin the Antarctic -

and Thuie in Greenland, in the Arctic,
where, because the earth’s magnetic
field influences the penetrability of
very energetic particles, studies of
cosmic ray penctrations are done.

By determining the asymunetry of
the received cosmic rays at the polar
repions, where they are almost
perpendicular to the plane of the
ecliptic, scientists . can deduce
something about interplanetary con-
ditions outside the plane.s

would be whipped in the flare-lashed
magnetosphere to energies of 5 keV or
more.

The result is that a magnetospheric
electrical or magnetic (and auroral} sub-
storm blows up. and plasma flows
earthward from the tail region of the
cometlike magnetosphere, influenced by
and influencing electric fields at high
altitudes along the way. -

The geomagnetic poles, where the
magnetic field lines are oriented vertically
relative to the surface of the earth, are’
situated some 11 to 12 degrees of latitude
and several hundred miles away from the
geographic poles. In the Northern
Hemisphere, the geomagnetic polar
region is a broad circle overlying many of
the islands just northof Canﬁada“s Hudson
Bay. :

It is thousands of kilometers from the
tropical- and near tropical belts where
the majority of the earth’s thunderstorms
take place. Nevertheless, it is-the place in
the Northern Hemisphere where
magnetospheric electricity has access to
the atmosphere and could be responsible
for those storms recorded in the higher
latitudes. Scientists seeking what seem to -

" them to be logical interconnections_,f‘

between the two generators are drawn

_inevitably to those poles. -

Sartor, for instance, finds it more than
coincidental that the north geomagnetic
pole lies along the parallel of longitude *
that passes near the major region of

. thunderstorm activity in the- Southern

Hemisphere.

Aware of the absence of any apparent
local connection between magnetospheric
and lower atmospheric electrical activity
near the pole, he believes that he has
found a link nevertheless in a new model
of global atmospheric electricity
developed by P. B. Hays of the University
of . Michigan's Space Physics Laboratory
and R. G. Roble of NCAR. “You don't
need thunderstorm activity in the high
latitudes to show the connection,” Sartor
reports. “The model shows that the
response is global.”

“In essence,” Sartor declares, “this.
model provides a missing quantitative link
between the ionospheric-magnetospheric
models and those of the weather-
producing lower atmosphere, and should
be a great boon to the physical under-

- standing of the effect on the atmosphere

of the solar particulate emissions and the
resulting  earth’s . sensible weather
changes.”

Evidence from Antarctica that atmos-.
pheric electricity is directly influenced by
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solar ‘activity was recently reported by’

liam E. Cobb of the National Qceanic
~ad Atmospheric’ Administration: Data
gathered by -clectrasonde iaunches from
Amundsen-Seatt Statiop in late 1977,
Cobb repurts, revealed large electrical

currents over the South Pole during a

solar flare. ] _
Cobb’s first balloon' was released;

fortuitously, just before the flare’s onset
weak levels of at-

and showed “normal,”

mospheric electricity; subsequent

launches revealed strong increases in air-
to-earth current over the next two days.
From the stratosphere to the ground,
Cobb reports, the measured eclectrical
current exceeded pre-flare values by more
than. 70 percent. Global circuit theories,
Cobb declares, will have to be revised to
accommodate solar as well as thunder-
storm effects. .

Cobb’s findings do not extend, of
course, to solar influences on thunder-
storm activity, though partisans of that
controversial connection wil be able to
draw the link, by inference. -

Not only are the links between mag- -
netospheric  electricity and thunder-
storms highly controversial, but the

. whole subject of interaction between
- magnetospheric .and atmospheric elec-

tricity is fraught with pitfalls as well. As
Park puts it, “Although evidence for the
existence of sun-weather connections has
been increasing in recent years, there still
remain many well-respected skephcs
Part way in o

Ralph” Markson of the Massachusetts
institute of Technology, for instance, is
willing to go into the subject, but only so
far: He limits his suggestion to the
possibility that “the earth’s electric field
would be modulated by solar activity;
whether this would. affect thunderstorm
development is highly speculative and
depends on the thunderstorm-charging
mechamsm—-—somethmg we  do  not
know.”

Markson suggests that the most in-
tense ionizing radiation may penetrate to
within 15 to 20 kilometers of the earth’s
surface at high latitudes; such altitudes
are close to those at which the tops of
thunderstorms form.

According to-a classical "global circuit
made] that postulates a giant “capacitor,
Markson- notes, the huge voltage drop
between the lower ionosphere and the
surface of the earth—and the current in
the global circuit—derives from positively
charged atmospheric ions flowing down
toward the earth'and negatively charged
ions  drifting- upward toward the
ionosphere.

Markson’s hypotheses are interesting
for several reasons:

-® They would identify a possible’
mechanism for the solar control of
atmospheric electrification and possible
meteorological consequences,

® They postulaté i link whose time
characteristics seem to match the time
span between observed solar activity and
subsequent changes in certain aspects of
the earth’s weather—usually a day or so
after a solar event such as a solar flare,

”

"



« Further, they provide—in the form
of electric ficlds—a sequence of linked
- ents by which variable solar activity can

.ease energy already stored in the
atmosphere as latent heat in water.

The role of Van Allen’s belts

Indeed, the electric field fluctuations
hold considerably more weight in some
scientists’ .opinions than solar radiative
heating of the atmosphere as an explana-
tion for thunterstorm response to solar
change—especially in light of the
presence of a reservoir of charged par-
ticles with which the fluctuations can
interact; the Van Allen radiation belts are
such a reservoir.

Individual particles in the Van Allen
belts mayhave a range of energies from a
few electron-volts to several million
electron-volts, according to  Robert
Helliwell, professor of electrical engineer-
ing at Stanford. “Consider a particle with
an energy of 35 ke V,” Helliwell says, “just
sitting there in the belts. But if it's
perturbed and knocked out of the belts, it
can ionize upwards of 1,000 particles—
giving up 35 electron-volts in each
collision—before it becomes a low-energy
article.”

Like water droplets on a tree shaken by
the wind, these high-energy particies can
be precipitated vut of the Van Allen belts
by several forces: the low-frequency
electromagnetic waves created by light-
ning flashes and known 45 “whistlers,”
the waves lalso low-frequency) of navi-
gational or communications transmitters
and even the radiation from utilities’
high-voltuge power lines, a very low-
frequency discharge discovered to have
this effect by Helliwell and his colleagues
from Stantord only a few years ago.

What happens in such wave-particie
interactions, Helliwell explains, is that the
very low-frequency signal given off by a
lightning stroke sometimes enters a
magnetic hield line. [t is caught there, like
a marble in a drainpipe, oscillating back
and forth along the ductlike field line from
one geomagnetic pole, up through the
Van Allen belts and down to a point at the
opposite geomagnetic pole. It does this, at
speeds approaching that of light, for
perhaps as long as five seconds. And every
time it passes hiph above the equatorial
zone, where the density of charged
particles in the beits is the greatest, it
interacts with some of the belts’ particles.
These particles amplify the wave,
generate new frequencies within it and
send them spiraling down the field line
into the polar atmosphere, where they are

heard as rising or falling “whistler” tones
on radio receivers.

Sweeping the belts

By precipitating energetic electrons
from the Van Allen belts, these different
electromagnetic waves alter the conduc-
tivity of the transitional layer between
the earth’s upper stratosphere and lower
ionosphere. Whether this affects the
electric fields in His layer enough to
influence the growth and development of
storms below, Helliwell says, is not
presently known. But the finding—if the
interactions are powerful enough—does
suggest a way of temporarily “sweeping
clean” the belts.

This might be considered a desirable or
even necessary ability for some con-
templated space projects, especially those
carrying equipment susceptible to
damage from energetic particles as space
tugs maneuvered them from near-earth
orbit, where the structures would be
assembled, up through the Van Alien
belts to a high, stationary orbit.

Before the maneuver would be carried
out, Helliwell speculates, it might be
possible for earth-based transmitters to
beam low-frequency waves into the
magnetic field lines and thus depopulate
the belts of their charged particles. “After
astronauts had got the satellite to where it
was supposed to be,” Helliwell adds,
“you'd stop sweeping the belts out and
allow them to recharge themselves.”

Alivén’s wave

Wave-particle interactions are also of
interest to Louis J. Lanzerotti, an atmos-
pheric physicist and member of the
technical staff at the Bell Laboratories in
Murray Hill, New Jersey. Ever since the
eighteen-sixties, Lanzerotti notes, it has
been known that the earth’s magnetic
field undergoes rapid, unexplained, tran-
sitory changes in. both intensity - and
direction—changes that scientists like
Lanzerotti call “geomagnetic pulsations.”

Just as the flow of wind over a lake or
body of water can induce the formation of
ripples in the water, Lanzerotti says, so
too can the flow of the solar wind over the
magnetosphere give rise to a wave-form
called a hydromagnetic wave, or Altvén
wave (after Hannes Alfvén, the physicist
who predicted back in 1940 that waves
could exist in an ionized, magnetic
medium).

From the distribution of the geomag-
netic pulsations recorded during the
International Geophysical Year of 1957-
1958, scientists concluded that these
quick fluctuations in the magnetic field,
each lasting only a few minutes or less,

were indeed attributable to hydro-
magnetic waves, i

There is much that is still unknown
about these ultralow-frequency and very
long-wavelength ripples, says Lanzerotti,
but it does appear that they, too, can
depopulate the magnetosphere’s reser-
voirs of charged particles, particularly
protons.

“Additionally, there are indications fhat
hydromagnetic waves can heat the solar
corona and interstellar dust clouds,”
Lanzerotti notes, “and a recent Japanese
experiment suggests that Alfvén waves
can contribute some amount of heating of
the plasma in a Tokamak [experimental
thermonuclear fusion} machine.”

Some of the best places from which to
do research on the magnetosphere,
Lanzerotti notes, are the geomagnetic
polar regions {see “Windows at the poles,”
accompanying this article), “These sites
are unique in relation to certain parts-of
the magnetosphere,” say: the.. Bell
physicist, “like the cusps.” '

The Arctic and Antarctic sites provide
researchers with conjugate points—
places located at opposite ends of the same
magnetic field line like Siple on the
Antarctic Continent and Roberval in
Canada—from which to measure the
motions within the magnetosphere. The
sites also provide a good vantage peint
from which instruments can record the
interactions among plasmas, waves,
magnetic fields and electric fields.

As part of the International Magneto-
spheric Study effort, new facilities have
either been or soon will be emplaced in the
Arctic and Antarctic. A network of
magnetometer stations has been set up
along three meridians in Alaska and
Canada where, with all-sky cameras,
magnetometers and riometers (a radio
receiver tuned to a particular narrow
frequency), the growth and decay of
magnetic storms in the auroral oval
overhead will be monitored.

When all of these data, including that
obtained by satellites dedicated to M5
research, by superballoons launched from
the icy surface of Antarctica, by aircraft
and other means, are finally collected,
scientists will then have at least’the raw
material needed to forge the synthesis
that scientists say must be forged if the
relationships between the earth and the
sun are ever to be understood—both in
their broad scope and their [ine, impor-
tant detail.®

National Science Foundation’s contribations to e
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