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Space Weather: Living with a Turbulent Sun
Rising each morning, setting each evening—what

could be more constant than the Sun? While the total
energy emitted by the Sun changes only about 0.1% over a
typical 11-year sunspot cycle, research indicates that the
Sun is actually a dynamic and turbulent place. Ninety-five
percent of the Sun’s energy reaches Earth as sunshine, the
light and heat that make life possible. The remaining five
percent, including energetic x-rays to long-wave radio
waves can vary significantly over the solar cycle. Space
weather is caused by variations in both solar electro-
magnetic radiation (Figure 1) and solar wind, the high-
velocity, ionized gases or plasma with energetic particles
that accelerate away from the Sun and fill planetary space.

The Solar Dynamo

The Sun is an immense dynamo whose layered struc-
ture generates complex magnetic fields and energy. The
core of the Sun is thought to rotate nearly rigidly, like a
solid planet, but the outer part of the Sun rotates more rap-
idly at the equator than at the poles. Progressing outward
from the core is a radiation zone (pale orange in Figure 2);
then a convection zone. In between these two zones, rota-
tion within the sun varies enough to create a shear layer,
generating the Sun’s magnetic fields.  As magnetic fields
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Figure 1.  The Sun emits energy from the complete electro -
magnetic spectrum from short wave X-rays through visible light
in intermediate wavelengths and long-wave radio waves.

shift, materials of
different tempera-
tures and densities
in the Sun’s interior
and its atmosphere
circulate in amazing
ways, almost like
ocean currents do
on Earth.

In the 1940s,
Walter Orr Roberts,
founder of the High
Altitude Observa-
tory (HAO, now a
division of the National Center for Atmospheric Research–
NCAR), was a pioneer in viewing the Sun’s complex
atmosphere, or corona. He used a coronagraph, an instru-
ment that allows scientists to create an artificial solar
eclipse. The coronagraph contains a metal disk used to
block, or occult, the bright light from the solar surface.
This allows the much dimmer corona to be seen. As in a
natural solar eclipse, the solar corona appears as a faint,
hot, magnetized sheath surrounding the Sun (Figure 3A).
Coronagraphs allow scientists to observe and study
dynamical events in the corona. At the Sun’s surface,
temperatures are about 6,000º Celsius (C), while the outer
atmosphere of the corona, where extremely hot gases are
expanding, reaches a million degrees C.  Many space
weather events occur in association with eruptions from
the corona.

All manifestations of solar activity are due to the
Sun’s dynamo magnetic fields.  In bright, high-density
regions of the corona, gases following magnetic fields arc
upward and are then pulled back into the atmosphere
(Figure 3B). Darker, lower-density areas of the corona
occur where the magnetic field and plasma stream outward
from the Sun, escaping into space as solar winds reaching
beyond the orbit of Pluto (Figure 3C). There is a constant
tug-of-war underway between the outward and inward
magnetic field forces controlling the movements of solar

Figure 2.  The Sun’s internal structure.

EXPAND YOUR RESEARCH WITH SIRS RESOURCES

SIRS award-winning reference databases offer a variety of
informative full-text articles on Space Weather. Titles of related
SIRS articles include:

“Space Weather: Physics and Forecasts” (from Physics World)

“Solar Flare-Ups” (from Philadelphia Inquirer)

“Sun-Up” (from Star Date)

“Mystery of Solar Wind Solved” (from Brainerd Daily Dispatch)

“New NOAASpace Weather Scales Make Solar Max Effects
More Predictable” (from NOAA)

“Sun Is Set to Emit Ferocious Storms” (from San Jose Mercury
News)

“The Sun Does a Flip” (from NASA Science News)

SIRS articles are well-suited to the science curricula of schools
and colleges. In addition, thousands of articles on topics like
social issues, health, history, government, the arts & humanities
can be found in SIRS’print, CD-ROM and online databases:

SIRS Researcher® is a general reference database containing
thousands of full-text articles exploring social, scientific, health,
historic, business, economic, political and global issues. Articles
and graphics are selected from more than 1,500 domestic and
international publications.

SIRS Government Reporter® is a reference database containing
full-text U.S. government documents and graphics. Additional

content includes U.S. Supreme Court decisions, Historic
Documents, National Archives Documents as well as Directories
of Congressional Members, Federal Agencies, U.S. Justices and
U.S. Presidents.

SIRS Renaissance® provides current, dynamic information on the
arts and humanities. Full-text articles and full-color graphics are
selected from over 700 worldwide publications.

SIRS Discoverer® Deluxe is an award-winning reference data -
base for grades 1-9 that promotes research, reading, writing, lan-
guage and computer skills. Full-text articles and graphics are
selected from over 1,400 worldwide publications.

SIRS NetSelect™ is an award-winning database of Internet
resources providing access to quality Web sites on almost any
subject. Utilizing time-tested techniques, SIRS editors evaluate
sites originating from around the globe for credibility and rele-
vance to researchers’needs.

SIRS Interactive Citizenship™ database includes an interactive
electronic Book, organized by chapter and offered in HTMLand
PDF formats. The book dynamically links to a collection of thou-
sands of continuously updated full-text articles and documents
while allowing users to add onscreen notes and print typeset
pages. The first Book available in the series is titled What
Citizens Need to Know About Government.

SIRS Enduring Issues™ is an eight-volume, 32-topic reference
set that showcases the best articles published during the preced-
ing year. Volume titles include, Business, Global Issues, Human
Relations, Environment, Health, Family, Science and Institutions.

For more information about SIRS products, visit www.sirs.com
or call 1-800-232-7477.



have continued to grow. Power grids and radio communi-
cations can be knocked out of service during geomagnetic
storms, and oil pipelines and power stations can be
severely damaged.

In Earth’s outer atmosphere, solar winds affect satel-
lites by perturbing their orbits, striking their surfaces, and
disrupting communications. Since 1994, 13 satellite losses
and damage to the gyroscope on the Hubbell telescope
have been blamed on space weather events. Currently
many hundreds of satellites are in orbit, and with the devel-
opment of space stations, there is increasing potential for
radiation injury to astronauts and damage to spacecraft
resulting from high-energy particles emitted by the Sun.

At night, we can sometimes see a geomagnetic storm
in action as solar materials collide with, ionize, and excite
molecules in Earth’s ionosphere near the poles. The result
is the famed aurora borealis (the aurora australis in the
Southern Hemisphere).  Auroras are created as these
e n e rgized molecules emit a wide spectrum of light from
infrared to ultraviolet wavelengths. The most common aurora
features a whitish-green light produced by atomic oxygen;
pink emissions come from excited molecules of nitrogen.

Only in the last few decades have we realized space
weather can profoundly affect people and their activities.
The list of consequences grows in proportion to our
increasing dependence on technological systems. As our
use of space increases and electrical grids and communica-
tion systems become increasingly complex, we need to
learn more about space weather in order to better predict it
and protect ourselves from its consequences. 

Meet a Solar Scientist 

Joan Burkepile is an associate scientist in HAO at
NCAR who studies the Sun’s coronal mass ejections
throughout the solar cycle. She analyzes signatures of solar
activity responsible for major geomagnetic storms.

“We have always looked to the stars as a source of
inspiration and wonder,” says Burkepile. “The proximity of

our own star provides us
with a glimpse of the
complexity and dynamic
behavior that stars can
possess.”  She appreci-
ates that technological
advances have given us
the tools to observe our
star as never before and
led us to the realization
that the entire solar sys-
tem is bathed in the solar wind. She believes we need to
study and understand the effects of space weather to better
protect our tools, ourselves, and our society.

“The school children of today are tomorrow’s first
space colonizers,” adds Burkepile.  “It is imperative that we
gain a firm understanding of our dynamical Sun, so we can
prepare for life on space stations, the moon, Mars, and
beyond.  I can think of no more exciting work than to study
our changing Sun and our backyard interplanetary space.”

materials.  Even so, all the matter that escapes into space
from the Sun each day in solar winds is comparable to the
mass of Utah’s Great Salt Lake. And this happens every
day, day after day, year after year.

Sunspots are dark, circular features on the Sun’s sur-
face that form where denser bundles of magnetic field lines
rise from the interior. Sunspots reach a maximum number
at the height of the 11-year solar cycle. They can produce
huge solar flares that heat particles rapidly, flinging them
away from the Sun at speeds up to a million miles per
hour. Flares can grow rapidly, rotating like hurricanes and
lasting from tens of seconds to many minutes.

Violently released bubbles or tongues of gas along
with their magnetic fields are known as coronal mass ejec-
tions (CMEs). A large CME can create solar wind contain-
ing more than a million tons of matter that travels into
space at speeds up to 450,000 m/sec or a million miles an
hour. Associated with CMEs, prominences may be seen as
loops of gas projecting above the edge of the sun from
lower, cooler, and more dense regions of the corona.
When seen with the disk of the Sun in the background,
they look like and are called filaments.

Wind in Space

Constantly flowing, the solar wind fills the entire solar
system. It consists mostly of hydrogen, with small amounts
of helium, and traces of heavier elements, such as iron and
silicon that become ionized by being stripped of their elec-
trons. This stream of ionized particles compresses Earth’s
magnetic field on the side facing the Sun.  The magnetic
field then stretches into a very long tail on the side away
from the Sun. This complex magnetic envelope surround-
ing Earth is called the magnetosphere (Figure 4).

The magnetosphere protects us from the solar wind.
In addition, the Earth’s upper atmosphere absorbs most of
the Sun’s damaging radiation. Some of the magnetized

particles, however, enter the lower atmosphere and can
even reach the planet’s surface near Earth’s poles where
magnetic field lines converge.

The solar wind and compression of Earth’s magneto-
sphere combine to form a vast electrical generator that
converts the kinetic energy of solar wind particles into
electrical energy. Although the very complex interactions
between plasma and the currents in the magnetosphere are
not fully understood, scientists have discovered that the
compression of the magnetosphere close to the surface of
Earth on the daytime side of the planet causes the geo-
magnetic field to fluctuate wildly. Such an event is called
a geomagnetic storm.

Impacts of Space Weather

At ground level, a geomagnetic storm induces power-
ful surges of electrical currents in conductors. The first
recorded impacts from space weather were disruptions of
telegraph communication in 1847. As a result of our grow-
ing dependency on electricity, space weather’s impacts
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Figure 3.  Coronagraph. (A) Above the solar surface extends the solar atmosphere known as the corona. (B) Brighter regions represent
high-density, closed magnetic fields where gases and plasma are trapped and recaptured by the Sun.  (C) Darker regions are composed
of lower-density plasma and gases following open magnetic field lines that expand outward to fill interplanetary space. 

Figure 4.  With the discovery of solar wind, physicists realized
that the magnetic field of Earth is pushed away from the Sun.

Web-based Educational Resources about Space Weather

• www.ucar.edu/oga/Roberts/ — Presents slides and audio of
a Congressional briefing about space weather 

• www.hao.ucar.edu — Explains the Sun’s characteristics

• www.windows.ucar.edu — Presents a wealth of information
about the solar system,including hands-on science activities

• www.nas.edu/ssb/swsolar — Contains information about
space science from the National Academy of Sciences

• www.sec.noaa.gov — Provides real-time information on
space weather and Sun-Earth interactions from NOAA’s
Space Environment Center

• www.sec.noaa.gov/Curric_7-12/index.html — A Curriculum
on Space Physics and Earth Effects can be downloaded from
this site.  Particularly pertinent activities are # 7 (The Effect
of Solar Wind on the Geomagnetic Field) and # 9 (Radiation
Hazards in Space). 

Joan Burkepile, NCAR scientist.
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Figure 4.  With the discovery of solar wind, physicists realized
that the magnetic field of Earth is pushed away from the Sun.
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Figure 1.  The Sun emits energy from the complete electro -
magnetic spectrum from short wave X-rays through visible light
in intermediate wavelengths and long-wave radio waves.
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