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Scientists from NASA' s Jet Propul sion Laboratory and
t he European Space Agency are reporting the first
observations ever made in the Sun's polar regions at today's

nmeeting of the American Geophysical Union in San Franci sco.

"A nunber of |ongstandi ng questi ons have been answered
in exploring this region of the Sun, but, as usual, there
have been major surprises,” said Dr. Edward J. Smith, NASA
project scientist at the Jet Propul sion Laboratory, who is
participating in today's press conference, along with Dr.

Ri chard Marsden, ESA project scientist, and two of the

U ysses science experinment principal investigators.

"The gas being continuously carried by the Sun's sol ar
wi nd has been found to be a very fast and rel atively snooth

flow," Smith said in characterizing the pol ar environnent
fromU ysses data. "Surprisingly, the strength of the Sun's
magnetic field over the poles is the sane as it is near the

equator. Large anplitude nagnetic waves are conti nuously



present in the polar regions. And the intensity of cosmc
ray particles arriving fromthe galaxy is only slightly

| arger than near the Sun's equator."

These and ot her findings were made possi ble by the
U ysses mission, an international coll aboration between the
Ameri can and European space agencies. The U ysses
spacecraft finally reached the Sun's south pole this past
summer after a journey of alnmost four years. It took this
| ong because no existing rocket is powerful enough to break
free of Earth's gravity and send a spacecraft directly over
the Sun's poles. The spacecraft, which was | aunched on
Cct ober 6, 1990, had first to travel outward to Jupiter
arriving on February 8, 1992, and use Jupiter's gravity
field to redirect its flight path toward the Sun's poles.
The U ysses trajectory is such that, at the time of the
pol ar passage, the spacecraft was nore than tw ce as far
fromthe Sun as the average distance fromthe Sun to the
Earth. Consequently, although Uysses is the first
spacecraft to probe the Sun's polar regions, it does not

travel near the Sun.

The team of scientists led by Dr. John Phillips of Los
Al anbs National Laboratory reported that near the pole the
solar wind is flowing away fromthe Sun at nearly tw ce the
speed that is typically observed near the Sun's equator and
that is continuously arriving at Earth. The solar wind flow

is also much snoother than at |low | atitudes, causing a



mar ked reduction in the "space weather” that typically
exi sts near the equator and which affects the Earth by
causi ng magnetic "storns" and the aurora borealis, or

northern lights.

"The solar wi nd cones fromthe Sun's outernost
at nospheric region, the corona,"” Phillips said. "The corona
is so hot that it consists only of negatively charged
el ectrons and the positively charged atons (ions) from which
t hey have been renpved. The speed of these hot electrons and
ions is so great that even the strong gravity field of the

Sun cannot prevent their escape into space.”

As they | eave the Sun, however, the heat energy of
these el ectrons and ions is converted into a high speed flow
by a process that is anal ogous to that which takes place
i nside a rocket engine. Scientists now expect to take
advantage of the sinplicity of the solar wind flowin the
pol ar regions to better understand the physical conditions
under which the solar wind originates, Phillips said. Such
know edge should also clarify the high speed em ssion of gas
fromother stars, known as the stellar winds, which is

t hought to be commonly occurring throughout the universe.

Scientists had expected to see the magnetic fields
enbedded in the solar wind increase in strength as U ysses
travel ed toward the pole, but there were nore surprises
awaiting them The solar wind fields bear the inprint of

magnetic fields originating on the Sun, which increase in



strength toward the poles, just like the magnetic field of
the Earth. Surprisingly, however, U ysses's observations
have not reveal ed the expected increase fromthe equator to

t he pol es.

The scientific team headed by Dr. Andre Bal ogh of
I mperial College, London, interpreted this finding to nmean
that the magnetic fields in the Sun's polar region are
pushing the solar wind toward the equator to produce a field
whose strength does not depend on |atitude. Consequently,
the magnetic field nust be exerting a much stronger
i nfluence on the solar wind near the Sun than had previously
been thought. The mat hemati cal nodel s used by scientists to
relate the Sun's fields to those carried off by the sol ar

wi nd nust now be reconsi dered.

Anot her major result involving magnetic fields is the
continual presence in the polar cap of very strong waves.
The waves cause changes in the magnetic field that are
conparable to the field strength so that the field direction
varies continuously through | arge angles. The waves are
considered to be an inportant aspect of the solar w nd fl ow
and may contribute to the heating and speeding up of the
solar wind. |In addition, the waves, which are traveling
outward fromthe Sun, are thought to be opposing the entry
of the electrically charged cosmc ray particles into the
pol ar regions. The waves are simlar to those that can be

produced on Earth by wiggling the free end of a rope that is



attached to a post at the other end. A possible explanation
of the magnetic waves is that the ends of the nagnetic |line
of force attached to the Sun are being subjected to churning
notions of the Sun's surface; the notions thensel ves

resenbl e those seen in a bow of porridge on a hot stove.

"Waves of this kind have previously been observed
sporadically by spacecraft observing the solar wind in the
vicinity of Earth,” Smth said. "The waves acconpany high
speed sol ar wi nd, which can al so be present for several days
at a tinme. The presence of the waves has been shown to

produce a high intensity, long-lasting polar aurora."

As a result of U ysses's observations, it is now
bel i eved that during such episodes the Earth is tenporarily
imersed in solar wind fromthe Sun's pol ar regions, which
is also characterized by high speed and the presence of
waves. Thus, U ysses has found a direct physical connection

bet ween the polar caps of the Sun and the Earth.

Scientists had speculated for nmany years that the Sun's
poles forma "funnel” that all ows easy access to the inner
sol ar systemof cosmic ray particles. If this were true, a
large increase in the particle intensity should have been
recorded as U ysses travel ed pol eward. However,
nmeasurenents reported by Professor J. A Sinpson of the
Uni versity of Chicago, who heads the cosmic ray science
team show only a slight increase in intensity.

Consequently, the funnel is non-existent.



"Cosmic rays are the nuclei of atoms from which all
el ectrons have been renoved," Marsden, ESA project
scientist, said. "They are created in cataclysmc events
occurring el sewhere in the galaxy and reach the vicinity of
the Sun traveling at nearly the speed of light. They tend to
travel along lines of magnetic force. It was anti cipated
that they could travel along radial solar w nd magnetic
fields into the polar region. But, in fact, the supposed
funnel is caused by the diverging shape of the Sun's pol ar

cap magnetic fields."

However, the strong waves being reported by the U ysses
magnetic field investigators are now thought to be
deflecting the cosm c rays back into space, thereby acting
as a baffle that is overcomng the focusing effect of this

so-cal |l ed funnel, Marsden added.

U ysses is now | eaving the south polar region of the
Sun and i s headi ng back toward the Sun's equator and the
ecliptic plane in which Earth orbits the Sun. The
spacecraft will then begin to travel northward along its
trajectory to begin exploring the Sun's north polar cap

begi nning in June 1995.

U ysses is managed jointly by NASA and t he European
Space Agency to study the regions above the Sun's pol es.

The Jet Propul sion Laboratory manages the U S. portion of



the mssion for NASA's Ofice of Space Science, Washi ngton,
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