duced by solar ultraviolet radiation, the
National Aeronautics and Space Adminis-
tration several years ago sent three At-
mospheric Explorer satellites into deep-
dipping orbits that would carry them
within 120 kilometers of the ground, where
atmospheric drag leads to short working
lifetimes. In order to follow the effects of
the solar wind as it strikes the sun-facing
part of earth’s magnetosphere and slides
around and out down the planet’s ex-
tended magnetic tail, two International
Sun-Earth Explorer satellites were
launched to follow each other around a
huge ellipse, varying in altitude from
barely 480 to nearly 145,000 km. A third
ISEE probe was placed at a libration point
between the earth and sun, to record the
earthbound solar flow in its “raw” form.
ISEE-3's problem was made still more dif-
ficult because the libration point is di-
rectly on the sun-earth line, where solar
interference would drown out its data
transmissions; instead of being exactly on
the point, it was placed in a bizarre “halo”
orbit around the point, requiring periodic
corrective maneuvers to keep the plane of
the halo properly aligned.

The latest additions to this orbiting
task force follow similarly exotic paths.
Launched Aug. 3, Dynamics Explorers 1
and 2 are designed to investigate a diverse
domain that extends all the way from
earth’s outer magnetosphere down into
the depths of the ionosphere where it be-
gins to mix with the fringes of the atmos-
phere beneath. Both probes are in pole-
crossing orbits so that they can follow the
magnetic field lines that are the natural
“power grid” for the incoming solar-wind
particles. DE-1 ranges from about 570 km
above the earth to 23,000, while DE-2 takes
the low road from 1,000 km down to per-
haps 310. But the unique aspect of the
arrangement is that the two orbits are in
the same plane, often enabling the satel-
lites to study different points on the same
field line simultaneously.

Where the high-speed stream of
charged particles called the solar wind
strikes earth’s magnetosphere, a shock
wave is formed, much like that in the
airflow around a supersonic jet. Almost all
of the wind is deflected around this “bow
shock” and down the magnetic tail, but a
tiny fraction of the particles—perhaps 0.1
percent, says program scientist E.R.
Schmerling of NAsA —leak through, form-
ing a hot but tenuous plasma that is car-
ried around the planet by convection.
Meanwhile, down at the top of the atmos-
phere, the colder, more dense plasma of
the ionosphere is also swept around, but
this time by the rotation of the magnetic
field, which turns with the earth. A major
goal of the Dynamics Explorer project is to
learn more about how these two plasmas
interact — a fundamental step in under-
standing the complex energetics of the
whole system.

How do they couple together? Both
plasmas contain electric fields, but the
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patterns of the fields in the ionosphere
have turned out to be poor predictors of
the patterns to expect in the convecting
plasma overhead. Localized electric fields
aligned with the magnetic field lines seem
to be a factor, but the problem is far more
complex. Even the wind — the non-solar
kind—plays a part, seemingly out of place
among so many electromagnetic interac-
tions. At near-polar latitudes, says DE
project scientist Robert A. Hoffman of the
NasA Goddard Space Flight Center in
Maryland, winds are set up largely by col-
lisions between convecting ions and the
particles of the neutral atmosphere; the
inertia of the winds prevents rapid
changes of direction at convection
boundaries, thus causing the winds in turn
to drag the ions and generate electric
fields.

The two satellites are packed with in-
struments and bristle with antennas up to
100 meters long for their elaborate study.
Besides carrying magnetometers, plasma
sensors and mass spectrometers, DE-1,
says Schmerling, is the first NAsA satellite
to be equipped with a camera especially
for photographing the aurora. Designed to
make images in as little as a few minutes,
the camera will be able to record the de-
velopment of auroral effects that typically

evolve over half an hour or more. The
lower-flying DE-2 is equipped for its role
with devices to measure the composition,
winds and temperature structure of the
neutral atmosphere,as well asion behavior
and electric fields in the ionosphere.
Many instruments on the two probes
directly complement one another, such as
the suites of long antennas designed to
pick up very low frequency (vLF) radio
waves. Past studies with signals injected
onto magnetic field lines from a vLF
transmitter at Siple, Antarctica, have
showed that emissions 1,000 times
stronger could be triggered in response.
Now transmissions will be sent from Siple
when the DE’s are in position to monitor
their effects both from low altitude, where
the field lines are nearly vertical, and from
higher up, where the processes causing
the amplification effect may be taking
place. In the future, the space shuttle will
be able to carry equipment that can inject
VLF signals onto whatever field lines are in
the properlocations for satellite-borne and
earth-based receivers. And NasA also
plans to launch a set of four satellites
called orEN — for Origin of Plasmas in
Earth’s Neighborhood —to take a yet more
detailed look at what happens as the earth
encounters the sun. O

Life after a death: Widows’ advantage

The anguish that often follows the death
of a spouse may make the surviving part-
ner especially susceptible to disease and
early death, many researchers believe, but
a study from Johns Hopkins University in-
dicates that such a loss hits men harder
than women. By following 4,000 widowed
persons aged 18 years or older through 12
years of census records, scientists found
that widowers died sooner than married
men of the same age and race, and similar
home environment. Widows, however,
showed an annual mortality rate that was
indistinguishable from that of their mar-
ried counterparts.

Unlike most previous studies of survival
after bereavement that simply compared
death rates, the data examined by Knut J.
Helsing, Moyses Szklo and George W.
Comstock included information about
each individual’s smoking history, years of
schooling, and number of housemates —
all factors that affect mortality rates. Each
widowed person was “paired” in the study
with a similar individual whose spouse
remained alive. Despite the difference in
their death rates, widowed men and mar-
ried men generally died of the same natu-
ral causes and diseases, the researchers
say.

While a demographic survey could
never “prove” that losing a husband or
wife shortens one’s lifespan, one finding
from the study, published in the August
AMERICAN JOURNAL OF PuBLIC HEALTH,
hints that the effects of marriage on
longevity might be strong: Mortality rates

among widowed men who remarried were
very much lower than among those who
did not remarry. In fact, for most of the age
ranges studied, remarried widowers ac-
tually had mortality rates lower than those
in the married control group. (Too few
widows in the study remarried to make a
similar comparison in women, the re-
searchers report.)

The jump in the widowers' death rate
did not appear until several years after the
wives died, reports Helsing, suggesting
that it is the absence of his spouse rather
than the immediate trauma of her death
that most affects a man’s health. Helsing,
the study’s principal investigator, specu-
lates that the social support that marriage
provides might stave off death for married
men by providing them with partners to
share their daily stresses who can also
help during a medical emergency. Why
women suffer less from the same loss can
only be explained through further re-
search, he adds, though other studies in-
dicate that “women are better adapted to
survival than men to start with.” O
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